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PREFACE. 



Within twenty years the sciences of Geology 
and Physical Geography have made unexampled 
advances, and now constitute essential branches of liberal 
education. The first has turned a flood of light upon the 
material history of the Earth ; the second revealed physical 
laws and adaptations ; so that the great plans of an Allwise 
Providence are brought home to the knowledge and under- 
standing of even lowly members of the human family. 

It must again be submitted here — as in the Prefaces to 
previous volumes of the "Reason Why " Series — that the 
Editor of the Series presents in the pages of these works 
the conclusions arrived at by distinguished masters of the 
Sciences upon those branches of enquiry that have been 
objects of their especial study. Phenomena and Facts form 
the ground-work of all great scientific investigations, and 
Reasons are the essence of mental operations upon material 
and inductive evidences. These volumes, therefore, though 
of unpretending dimensions, contain a mass of useful 
instruction, from which much ambiguous and voluminous 
matter bas been eliminated. Such being the case, they 
assist Scholars of the Old Schools in com^^x^VL^^i^vsi^ ^^efe 
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results of new investigations, and conduct younger Students- 
to sound teachers, and the latest truths deduced from the- 
most recent discoveries. What a Cabinet of specimens is 
to a Geologist or Mineralogist, such is a volume of 
" Reasons " to the Student of any course of science — each^ 
Reason being a nucleus around which history, facts, and 
opinions group themselves in a natural order, enabling the 
Student to receive and retain a large amount of instruction,, 
thus rendering the facility of teaching commensurate with 
the rapid accumulation of knowledge, arising from the 
multiplying labours of master-minds in every branch of 
•science, and in every part of the world. 

Even while we write a telegram has reached the 
President and Council of the Royal Geographical Society, 
announcing in effect that a great problem of ages has been 
solved, in the discovery of the source of the Nile — the tele- 
gram being couched in these pithy words, " Hie Nile is 
settUd^^ Within a short space of time great discoveries 
have been made in Australia and Africa by Mr^ 
Gregory and Dr. Livingstone, and the more recent in- 
formation comes from the Eastern African expedition, under 
Messrs. Spekb and Grant. These facts, as communicated. 
to the Royal Geographical Society by their President, Sir 
Roderick Murchison, are these: — An expedition to 
Eastern Africa, under the direction of Messrs. Speke and 
Grant, and promoted by the Royal Geographical Society, 
had been instituted with the view of solving the great geo- 
graphical problem, the source of the Nile. Accounts from 
the explorers had made known their arrival at Kazeh, far 
to the south of the Lake Victoria Nyanza, on the 30th 
September, 186L They had then, after great delays, just 
emerged from countries occupied by tribes at variance with 
each other, and had been deserted by many of their porters.. 
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Prior to this Consul Pethebick had been despatched 
with fresh supplies to overtake and relieve the ezplorerSy 
whose difficulties had been anticipated; but a subsequent 
tel^ram from Alexandria announced that Pethebick had 
perished en route in passing to the west of the White Nile. 
After a long interval of suspense, a first telegram from 
Alexandria announced that Speke and Grant's expedition 
had reached Khartum; and shortly a second telegram 
made known the actual discovery of the long-sought source 
of the great African river ; this was followed by intel- 
ligence that Consul Pethebick was not only alive, but had 
joined Speke and Gbant at Grondokoro, on the 20th of 
February, 1863. These telegraphic communications were 
followed by the journal of the travellers, and a map of the 
country they had explored, in pursuing which they had 
traversed a region never previously approached by any 
civilised person, and had solved the problem of ages by 
discovering that the great fresh-water Lake, 'Victoria 
Nyanza, whose southern water-shed extends to nearly 
4 deg. south of the Equator, is the reservoir from which the 
sacred Bahr-aUAbiady or White NilCy mainly descends to 
Gondokoro, and thence hy Khartum into Egypt. 

The exploring party had, prior to Consul Pethebick's 
arrival from his ivory station, been relieved by Mr. S. 
Bakeb, an enterprising explorer, who, having heard of 
certain disasters occurring to the travellers, fitted out an 
expedition at his own cost, was first to meet the long absent 
parties, and to supply them with money, provisions, and 
boats. Mr. Bakeb, already celebrated for his travels in 
Ceylon, and in the districts north of Abyssinia, has since 
gone to the south-west of Africa, in the hope of tracing 
the extent of a lake on the west, laid down by Speke in 
his map as the Luta Nzigi, and m\!l Y'^^^iXX'^ ^^^ X^^'^ 



contribute a solution to this collateral question, as to a 
. great feeder of the White Nile in a higher latitude. 

When the African and Australian explorations bave 
further progressed towards maturity, we may have some 
additional " Reasons " to offer respecting the hydrographical 
phenomena of the two vast Continents, the scenes of these 
recent discoveries. 

Our part in these undertakings is confessedly a very 
humble one. But the best explorers are often very imper- 
fect writers, and, left to their own penmanship, would 
iBcarcely do justice to themselves, or the Sciences of which 
they are the promoters, 

"I have spent," says Dr. Livingstone, "the sixteen 
years from 1840 to 1856 in medical and missionary labours 
in Africa, and my life has not been favourable to literary 
pursuits* This has made composition irksome to me, and 
I think I would rather cross the African Continent again 
than compose another book." For purselves, we would 
rather compose another hook than cross the African Continent ; 
and thus, " each to his mission," Jlet the good work proceed, 
and success attend upon meritorious labours, 

London, 1863. 
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Bees, first appearance ot 632 
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Brazil current 94 

Breezes, land and sea, why do they 
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Bricks, effects of the atmosphere 
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Brighton, encroachment of the sea 
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Britain emerged from the sea ... 435 

British tribes 1072 
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Cainozoic strata 331 
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Califomian Indians 1032 
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Carboniferous limestone 334 
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CamiTorons animals, distribution of 792 
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Caspian Sea 365 

Cataracts, why is their noise greater 
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Cathedrals, why do they decay 
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" Cat's-paws," causes of 137 

Caucasians, moral characteristics of 
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Caucasians, subdivisions of the ... 945 
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the coasts of 454 
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Climates, distinctions between insular 

and excessive ... ..« ... 77 
Climates of sea and land, differences 
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Clbuds condensed by mountains «.. 366 
Clouds, why do they indicate tlio 
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Clouds, why do they render new 
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other 498 
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Coal formations 334 
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Cold, effects upon atmospheric 

circulation 133 

Columbus observed the Gulf stream 62 
Conception, town of, destroyed by an 
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Continents, geological agencies 

affecting 274 

Copper, geological distribution of ... 249 

Coral islands and reefk 148 

Cornwall, action of the sea upon its 

coasts 453 

Crinoldeans 575 

Cromer, ancient town of, swept away 

by the sea 445 

Crystallization, what is it 530 
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a knowledge of them 108 

Currents have counter-currents ... 96 

Currents of the Atlantic ... ... 94 

Currents of the atmosphere ... 160 

Currents of the Indian Ocean ... 98 
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Currents of the sea, how caused ... 54 
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Currents produced by different 
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Currents produced by evaporation 
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Currents, why none at the bottom 
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Damascus, city of ... ... ... 949 

Day and night, why do they alter- 
nately succeed each other ... 13 
Days and nights, why does their 

duration change 16 

Dead Sea, why unfitted for the habi- 
tation of fish ... ... ... 44 

Deltas, how formed 418 

Denudation, valleys of ... ... 426 

Deserts of the sea 130 

Deserts, their effect upon the circu- 
lation of the winds 173 

Devon, action of the sea upon its 

coasts 453 

Devonian limestone 335 

Dews, effects of, upon land and sea 44 

Diluvian deposits ». 330 

Dinotherium 613 

Disintegration of rocks 341 

Dislocation, valleys of 431 

Dog-rib Indians 1004 

Dordrecht, inburst of the sea near 455 
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Droitwich brine springs ... ... 409 

Druids, account of the 1095 

Dunwich, ancient town of, swept 

away by the sea 445 

Durham coasts, effects of the sea 
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Earth, the varioos substances 

composing It 227 

Earth, velocity of its rotatory 

motion ^ .^ 14 

Earth, why do geologists aflKrra that 
it underwent changes preparatory 
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Earthquakes, causes of 313 

Earthquakes, drcular 319 

Earthquakes, effects of 315 
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Earthquakes, peculiar moTements of 318 
Earthquakes, what relation do they 

bear to volcanoes 310 

Earthquakes, why do great waves of 

the sea attend them 325 
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Ethiopians, their moral characte- 
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Ethiopians, why so called 967 

Evaporation and rain, effects upon 

oceanic currents 87 

Evaporation, effects of ... ... 198 
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Fire and water, why may they be 
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Fishes, first appearance of 631 

Fishes, geographical distribution of 654 
Fishes, how first i^roduced in lakes 

and ponds 862 

Fishes of the Carboniferons era ... 599- 

Fishes of the Chalk formation ... 601 
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Fishes of the Tertiary formation ... 602 

Fishes, the earliest 604 

Fishes, why do they migrate ... 871 
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Forests affect the temperature and 
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of the earth 56& 
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Fossils 533 

Fossils display Divine wisdom ... 536- 
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mals, why found together ... 567 
Fossils of Great Britain ... ... 330- 

Fossils, why do different strata con- 

tam disthict fossils 534 
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deposited by water S33- 
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different formations ». ... 547 

Freezing of water ... ... ... 395 
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Frost, effect of upon solid matter ... 403 

Fulahs ... 983 
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changing the names of 456 
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81 


of the atmosphere 


222 


Icebergs, their effects upon winds 


82 


God's goodness testified by fossils ... 


536 
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Lenape Indians 1007 

Lead, geoloi^ical distribation of ... 248 

Lias formation 333 

Light of the early ages 589 

Lightning, what are the effects of 

npon the earth's sar&ce 514 

Limestone, origin of 47ti 

Lincolnshire, coasts of, encroached 

upon by the sea 443 

Lisbon, great earthquake of ... 316 

Uandilo rocks 335 

London clay 331 

Lower mesozoic strata 333 

Lower, or Bath oolite 333 

Lower palaeozoic strata 335 

Ludlow rocks 335 

Lybian Desert, drift of sands from 

the 464 

Lyme, greut laud-slip near ... 452 

Malaria, causes of 698 

Malay, why is the fifth human type 

so called 1054 

Man, causes of different complexions 9 1 4 

Man, comparatively recent origin of 622 
Man, distinctions between men and 

animals 959 

Mui, geographical distribution of, 

and varieties 900 

Man influenced by the physical con- 
dition of the earth 922 

Man, of all the races, sprung from 

one origin 908 

Man, origin of his various habits ... 928 
Man, remarkable examples of his 

influence upon animals and plants 761 
Man, why more widely distributed 

than other animals 903 

^landan Indians 1019 

Mankind, principal types and va- 
rieties of 937 

Marbles 575 

Marine mammalia, adaptations to 

geographical distributions ... 833 
Maury's, Lieut., opinion of atmo- 
spheric circtilation 162 

Medusae of the sea 50 

Mediterranean Sea, why of a higher 
temperature than the deep water 

of other seas 510 

3Iegatherium, the 533,618 

Mercury, geological distribution of 253 

Mesozoic strata 332 

3IetaIliferous mineral veins, origin of 244 

Metamorpbic rocks 230 

Metamorphio rocks, why so called... 260 

Mexican historical monumojits ... 995 

Micha schist 335 

Middle oolite 333 

Middle palaeozoic strata 335 

Mineral springs, cause of 408 

Mississippi, alluvial plahi of ... 414 

Mississippi River 371 

Mists, why frequent over shoals ... 210 
Mollusca, their influence upon the 

sea 45 

Mongolians, subdivisions of the ... 954 

Blongolians, why so called 9.52 

Mongols, moral characteristics of the 961 



Mongols, religion of the 959 

Monkeys, why confined to certain 

limits 788 

Monsoons, causes of 169 

Mount Roa, eruption of 291 

Mountain limestone 334 

Mountains beneficial to countries ... 201 

Mountains compared with the earth 203 
Mountains, probable formation of 

new 300 

Mountains, why have they dry and 

rainy sides 304 

Mozambique current... , 98 

Mud volcanoes ... ' 303 

Navigation improved by a knowledge 

of ocean currents 108 

Neap tides 31 

New red sandstone system 333 

Niagara, Falls of 337 

Niagara Falls, descent of 380 

Niagara, recession of the bed of the 

fall 386 

Night and day, why do they alter- 
nately succeed each other ... 13 
Nights and days, why does their 

duration change 16 

Nile, delta of the 415 

Nile, source of the, see Prefoce. 

Nomadic races, the five 965 

Nootka Columbians 1042 

Norfolk coasts destroyed by the sea 444 
Northumbrian coasts, effects of tlie 

sea upon 442 

Nubians 975 

Ocean^ see aUo Sea 29 

Ocean currents, their dh-ection and 

effects 56 

Ocean currents, their effects upon 

climates 58 

Ojibway Indians loio 

Old red limestone 335 

Ombay warriors 1063 

Oolites 333 

Organic and inorganic bodies ... 758 
Orinoco, current of, observed by 

Columbus 63 

Orkney Islands, effects of the sea 

upon 441 

Oxygen, its abundance in various 

states 350 

Oxygen, its action upon metals ... 350 

Oxygen, its action upon rocks ... 338 

Pachydermata, distribution of ... 810 

Pachydermata, their uses 811 

Pacific, principal currents of the ... 104 

Paduca Indians 1026 

Palaeozoic strata 334 

Palagian negroes 1067 

Patagonia, climate of, why mild in 

winter 113 

Patagonians 1050 

Pawnee Indians 1015 

Peat marshes, origin of 504 

Permian series ..« as^ 

Peru, eoasts of ««« v^ 
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Pern, why are the coasts of tempe- 
rate 83 

Fesherals Indians 1050 

Petrifaction of organic substances.^ 537 

Petrifaction, what is it Ml 

Petrifactions 840 

Petroleum springs 508 

Pliosphorescence of tlie sea.^ .„ 50 
Physical geography, changes afSect- 

ing the distribution of animals ... 880 
Physical geography, its connection 

with geology 3 

Physical geography, practical bene- 
fits of the study of 5 

Physical geography, why should it 

be studied 1 

Picts and Caledonians 1086 

Pimo Indians 1034 

Pitch lakes 508 

Plants, agencies in their distribution 669 
Plants, distribution of by the 

Caucasian races 942 

Plants, distribution of, exhibited by 

belts on mountains 707 

Plants, effects of heat upon ... 686 

Plants/effects of light upon ... 678 
Plants, facts in connection with the 

distribution 702 

Plants, first appearance of various 630 

Plants found in the secondary series 564 

Plants found in the tertiary series 565 
Plants found In the transition 

series 563 

Pluits, how do they first become 

established upon barren surfaces 654 

Plants, how first conveyed to islands 688 

Plants, leading characteristics of ... 636 
Plants possess a high degree of 

vitality 674 

Plants, Providential designs in their 

distribution 659 

Plants, their effect upon the atmos- 
phere 691 

Plants, uses of many not at first 

apparent 750 

Plants, why absent from certain 

districts 752 

Plants, why are certain kinds more 

fertile than others 648 

Plants, why are some more scarce 

than others 662 

Plants, why do certain tribes flower 

best in particular situations ... 665 

Plants, why very widely diffused ... 641 

Plastic clay 331 

Platinum, geological distribution of 252 

Plesiosaurus 605 

Plutonic rocks ^ 228 

Plutonic rocks, why so called ... 233 

Poles of the earth ... .^ ... 17 

Polynesian races ^. 1062 

Polypes, what function do they fulfil 

in the sea ^ 578 

Portland, encroachments of the sea 

upon 451 

Precipitation and evaporation ... 36S 

Primary rocks ... 268 

Primary strata « 334 
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Pterodactyles 608 

Purbeck, encroachments of the sea 

upon M. ». ^1 

Quicha Indians ... ... ... 1044 

Quicksilver, geological distribution of 253 
Quarries in which footprints are 
_ found, ;why destitute of remains 

" of the animals ... .. .» 594 

Rain, amount daily over the earth 89 

Rain, effects of 198 

Rain, total annual fiedl upon the 

earth 87 

Rain, its effects upon the sea ... 34 

Rains, districts denuded by 355 

Rains, effects of upon the earth's 

surfkce 355 

Rains, effects of upon the sea ... 44 
Rains, why are they heavy in the 

Equatorial calm regions 189 

Rainy seasons, how caused 187 

Rainless regions enumerated ... 197 

Rainless regions, how caused ... 195 
Ravenspum, ancient town of, swept 

away by the sea 443 

Ravines 433 

Red fogs explained 212 

Red Sea, why so called 52 

Regni 1100 

Reptiles, geographical distribution 

of 883 

Reptiles, why confined to narrow 

geographical limits 851 

Resolute exploring ship 103 

Reuss, Falls of the 382 

River bashis explained 361 

Rivers, mechanical force of 421 

Rivers of America, effects of upon 

climate 85 

Rivers of the northem^hemisphere, 

how supplied 192 

Rivers, origin of 360 

Rivers, reproductive agency of ... 413 

Rivers, their effect upon the sea ... 34 
Rivers, why are the waters less 

rapid at their sides than in their 

centres 421 

Rivers, why do they drahi lands into 

the sea 362 

Rivers, why sometimes characterised 

by black waters 369 

Rook salt, origin of 480 

Rocks, components of 485 

Rock crystal 484 

Rocks, how disuitegrated by water 836 

Rocks, how formed 282 

Socks now being formed 285 

Rocks of all kinds 227 

Rodentia, distribution of 825 

Rosacee, first appearance of "». 630 

Bominantia, distribution of.;. ... 829 

Saabian races 984 

Salt, proportion of in sea water ... 33 

Salt works in France 49 

Salts of the sea, estimated amount of 42 
Salts of the sea, what becomes of 
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Sand, changes through the drifting 

of ^ ^ ... 4G2 

Sandbanks, -why maj tiiey be dis- 
covered by the tempentureof the 

waters over them »^ ... ... 75 

Sand-drifts arrested by a solution of 

iron ... ... 465 

Sand-drifts arrested by the growth 

' of sand-reed ... •» ... 469 

Sand-drifts in Scotland 465 

Sandstone, origin of 471 

Sandy soils ... ... 522 

Saragossa Sea, what causes the ,^ 127 

Sea (Me a/«o Ocean) » 29 

Sea breezes, causes of IRO 

Sea, changes produced by its action 440 

Sea, currents of, how caused ... 54 

Sea deserts and wildernesses ... 130 
Sea, effects of dews, rains, and 

rivers upon the 44 

Sea, its proportion to land ... ... 28 

Sea, salt from the beginnhig ... 37 
Sea shells, why found upon moun- 
tains 435 

Sea, suddenly bursts in upon and 

destroys seventy-two villages ... 455 

Sea water, why frozen around coasts 400 
Sea water, why not liable to be 

frozen 399 

Sea waters, why do different degrees 

of saltness produce currents ... 40 
Sea waters, why do they differ in 

their degrees of saltness... ». 38 
Sea waters, why of different colours 6 1 
Sea, why does it emit a phosphores- 
cent light 50 

Sea, why has it been found impos- 
sible to sound its greatest depth... 1 19 
Seas, why is it believed that at the 
bottom of deep seas there are no 

currents ... 116 

Sea, why blue 46 

Sea, why salt «. 32 

Seals 838 

Seasons, phenomena of the 18 

Seasons, why do they change ... 23 

Secondary rocks 267 

Secondary series, plants found in 

the 564 

Secondary strata ... ... ... 332 

Sedimentary rocks ... 282 

Sene^ambian nations 982 

Serpents, why confined to very 

narrow districts 886 

SAell-formhig animals, how do they 

assist the circulation of the ocean 154 
Shell-forming animals, their effects 

upon the waters of the sea ... 43 
Shell-forming animals, why impor- 
tant in relation to geology ... 570 
Shells of the various formations ... 572 
Shetland Islands, effects of the sea 

upon 441 

Shoals in the sea, why made known 

by the temperature of the water 75 

Shosonees Indians 1026 

Silex,orsiUca,whati8it 483 

Silicates 342 

SUorian Britons 1101 



Silver, geological distribution of «» 251 

Simoon, effects of ... ... ... 466 

Sioux Indians ».• 1015 

Sloths, their uses hi forests... m. 806 

Snake Indians... ... \,., ^ 1026 

Snow-line, phenomena of ... ... 217 

Snow-line, table of elevation ... 216 

Snow-lhie, what is meant by the ... 214 
Snow-line, why highest at twenty 

degrees from the EquaUar,^ ... 215 
Snow-line, why raised by adjacent 

tablelands ... » 218 

Soils equalise the discharge of water 

into rivers ... ... 377 

Soils, how produced ... ... ... 330 

Soils, why do they affect the tempe- 
rature of countries M. ... 521 

Soudanian races ... ... ... 981 

Soundings of the sea, difBculties in 

makmg ll9 

Specific gravities of waters, why 

productive of currents 71 

Spring tides 31 

Springs, causes of hot 297 

Spiings, cause of mmeral * 408 

Springs, origin of 404 

Stalactite grotto ... 339 

Stelagmite 341 

Stone buildings, why do they decay 352 

Stone lilies, why so called 575 

Stonehenge, probable origin of ... 1094 

Storms frequent near volcanoes ... 301 

Strata, section of regular 270 

Streams, mechanical force of ... 421 

Suffolk coasts destroyed by the sea 444 
Sun and stars, why do they appear 

to move round the earth 9 

Sun, effects of upon the sea 54 

Superficial accumulations on the 

earth 330 

Sussex coast, encroachments of the 

sea 504 

Swampy grounds 524 

Tertiary series, plants found in the 565 

Temperate Zone ... «.. ... 26 
Temperature, effects of upon the 
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mrSICil GEOGRAPHY, Ai\D GEOLOGY. 



1. Wity should Physical Geography be generally Studied? 

Because it is a subject of leading importance and interest 
to mankind. It directs attention to the structure of the 
earth which we inhabit ; and affords explanations relating 
not only to distant lands, but to the hills and dales upon 
which tee daily tread; to alterations in the femp^raturt ^xiA. 
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** For as the heaven is high aborc the earth, so great ij His mercy towards 
them that fear Him/'^FsAui ciiL 



humidity of the air whicli affect our health; to the flow 
of waters in our rivers, and the ever-varying features of 
the majestic ocean; makes known laws affecting ourselves 
as a race of people ; and our brethren of various hues 
and habits in extreme parts of the wide world ; it treats 
also of the distribution of animals on the earth, and in the 
seas; and of vegetation, from the tropics to the frozen 
regions; from the sea level, to the mountain lino of 
perpetual snow. 

2. The study of Physical Gcog^phy is one of surpassing interest 
— illustrated in every part by natural pictures. It is, to a great 
extent, a science of demonstration, of things sden and proved, not 
merely conjectured. The hill, the valley, the river, the mountain, 
the volcano, the earthquake, the desert, the cataract, the calm ocean ^ 
the storm, the snow-fall, the drenching shower, the blue and open 
sky, — these, in all their varying aspects, are pictures that illustrate 
this interesting study; we see some of them every day, and most 
of them in the course of our lives. Every natural object that wc 
look upon will be enriched to our view, by a knowledge of Physical 
Geography. 

3. What is the connection between Physical Geography 
and Geology? 

Geology affords to us a scientific history of many things 
which Physical Geography describes. Geology tells us 
how a given rock or mineral was formed; Physical Geo- 
graphy tells us where the rock is found, how it appears^ 
and what influence it exerts upon surrounding objects. 

4. Many facts termed geological belong to physical geography, 
and these will be found included in the following <' Reasons.'' The 
term geology is derived from two Greek words, ge signifying the 
earth, and logos a discourse, which together mean reasoning about 
the structure of the earth, or simply the science of the earth. The 
objects of Geology are to produce a true history of the origin and 
structure of the globe ; of the changes which it has undergone ; of 
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"lie hath made tlie earth by His power, Ho hath established the world by 
His wisdom, and hath stretched out tlie heavens by His discretion.**— Jeremiah x. 



the yarions tribes of plants and animals which have at different periods 
occupied its surface; and in some measure to reason from the known 
«tate of things in the past, to the probable state of things in the 
future. Geology, therefore, is connected with Physical Geography 
in some of its parts, and only in such connection will it be 
embraced in the present volume. 

5. What are the practical henejits of an Acquaintance with 
Physical Geography? 

Many of the advantages tliat arise from this depart- 
ment of knowledge will appear in the foUowiDg reasons. 
They may, however, be briefly summarised here: — Navi- 
gation has been, and still may be, greatly simplified and 
improved ;. /rat'eZZm^ by land and sea rendered in all parts 
of the world more speedy and less dangerous ; the earth's 
produce in all parts increased, and applied to useful pur- 
poses ; the people of various countries brought into friendly 
relations with each other ; and all mankind taught to regard 
the loisdom of God as displayed in His works. 



DESCRIPTION OF THE GLOBE. 

6. How do ive know that the earth is a Globular body? 
The best proof we have presents itself to our view 

during an eclipse of the moon, when the shadow of the 
earth (which must present a true outline) falls upon the 
moon's surface. The form of the shadow is always circular^ 
never oval, or plane-like. 

7. We have another proof in the fact that when a 
ship at sea, or a tall tree on a plain, comes first into^ 
view, we sec the top of it first; as we approach nearer, 

B 2 
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** Truly the Iii;ht is sweet, and a pleasant thing it is for the eyes to behold 
the sun."— £ocusiA8T£8 xi. 



we gain a view of the middle parts, and at last the base 
of the tree or hull of the ship becomes visible, 

8. Navigators, by steering in a given direction, have 
gone round the globe, and returned to the place whence 
they sailed, 

9. Whi/ do the Sun and Stars appear to Move Hound 
the Earth? 

Because the rotation of the earth upon its own centre, 
gives this apparent motion to the heavenly bodies towards 
which we look. Just as, when travelling in a railway 
train, the hedges and houses appear to be moving in an 
opposite direction. 

10. How do we know that the Earth Turns on its Axis 
towards the east? 

Because the sun and the stars appear to rise in the east, 
and to sink in the west, 

11. If we turn our faces towards the ea«^, or the point where the 
sun ri^es, the west will be behind us, the north on our left, and the 
south on our right hand. 

12. Why is the globular foivn of the earth best adapted to 
the creatures that inhabit it? 

The earth, in any other shape, would have been un- 
inhabitable, at least to animals as now constituted, and 
subject to the law of gravitation, which draws everything 
towards the centre. Suppose the earth had been square, 
like a cube, which has six flat sides. It would have 
been impossible for us to stand upright, on any one of 
those sides, except in the very middle of each, and from 
that centre it would have been vp'hill every way. The 
comers of the cube would have been like so many im- 
mense pyramids, or mountains, which, if any one had 
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"WliUe the sun, or tbe liffht, or the moon, or the stxn, be act dtrkened, nor 
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ascended, he would then have looked on these vast sloping 
plains, down any one of which he might, if his foot 
had slipped, have rolled thousands of miles without 
stopping.* 

13. WJii/ do Day and Night alternately succeed each other? 

Because of the turning of the earth; the sun sheds 
forth perpetual day^ and the earth, turning round once 
in each period of twenty-four hours, enjoys the warmth 
and light of day, and the darkness and repose of night, 
alternately on its principal parts. 

14. In consequence of this motion of the earth, any 
point on the earth's surface at the Equator has a rotary 
motion^ imperceptible to living things, of more than one 
thousand miles per hour. This velocity gradually diminishes 
towards the Poles^ until it nearly ceases, on account of 
the lessening diameter of the earth. The velocity of 
this turning motion in the parallel of London is about 
six hundred and fifty miles in the hour. 

15. Why is the Botatory Motion of the Earth unperceived 
hy living creatures f 

Because they all move with the earth at precisely the 
same rate of velocity, A traveller on botvd ship, in a 
still sea, is quite unconscious of his motion with the 
vessel if he avoids looking out upon any object that 
may indicate his progress. 

16. Why does the duration of Days and Nights change ? 
Because the earth, as well as turning towards the sun 

upon its own centre, has a grand orbit around the sun^ 
through which it passes annually, the natural year being 
determined by this revolution of the earth. 

* Jefferyi Taylor*! «* Glance at the Gtobe." 
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** He that KMthemh in snminer it a vae son, bat he that ateepeth in harrcst 
is ft son that caoseth riiame.**~F MH ems x. 



17. The earth roUtiiig upon its centre may be said to torn round an 
imaginary line^ to which the name of oris is giren. The places 
where this axis may be supposed to pass oot firom the opposite 



ends of the earth are called Poles ^ one the Xorth Pole, and the 
other the SotUh Pole, and northerly and southerly situations and 
movements are spoken of in refisrence to these Poles. The axis of 
the earth is always directed towards the same spot, and points 
nnlfinrmlytn the same direction towards the heavens. In whatever 
position the earth may be with respect to the sun, one-half of the 
earth's surface must always he in the light, and one-half in 
darkness. It will be evident, also, that if the axis of the earth 
were perpendicular to the direction In which the earth moyes round 
the sun, or, A, then, as the earth turned round, each part of its 
surface would be turning Jtalf the time in light and half the time 
in darkness. But the axis is inclined to the plane of tlie eartVs 
orbit about 23) degrees, as from b to c, so that one Pole is always 
at some distance from the edge of the light on the illuminated 
side, and the opposite Polo an equal distance from the light on the 
dark side, as at b and c. 

18. The nearly circular course in which the earth moves around 
the sun is called its orbit, d. The following figure shows the 
earth in four positions relative Ui the sun, as it may be understood 
to be on June 2l8t, September 22nd, December 21st, and March 
20th. In position e the North Pole is constantly illuminated, 
while the South Pole is as constantly in darkness; so that it is 
constant day at the north, and constant night at the south. The 
circle about the North Pole, which at this time is constantly 
illuminated, is called the Arctic Circle; and the circle now in dark- 
ness at the South Pole is called the Antarctic Circle; and these 
circlet are also spoken of as Polar Circles and Regions* 
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*• I have made the earth, and created man upon it ; I, eren my hands, hare 
stretched out the hearena, aud aU. their host Itave I commanded.**— Iiaiau xlv. 



19. At the edge of the Arctic Circle the sun only disippears at 
midnight for a few minutes on the Slst of June; but as we 
proceed towards the south, we shall have more shade, and the 




nights will continually lengthen until midway between the poles — 
or the Eqiiator as it is called. Here the light and darkness are 
equal. From this Equatorial Line the halves of the earth which 
lie respectively north and south are called the Northern and 
Southern Hemispheree, Going on from this point to the south 
the nights continually lengthen, till, in the Antarctic Circle, wo 
lose the sun entirely, and continue in darkness at the South Pole. 

20. When the earth has moved through its orbit to the position 
F, September 22nd, all parts of the surface will be, during each 
diurnal rotation, in light and darkness for equal times. The days 
and nights will then be of exactly twelve hours each at all parts 
of the globe. Hence this period of the year is called the A utum- 
nal Equinox, and the opposite position, ii, the Spring Equinox, 
The days and nights are thus twice in a year of equal length over 
the whole earth. 

21. On the 21st of December the earth is in the position g; 
and now, over the whole of the Arctic Circle, it is constant 
night; the days lengthen southward, and to the parts within the 
Antarctic Circle it is constant day. Therefore, at the Equator 
the days and nights are ahoays of twelve hours duration each; 
but as we approach either of the Poles the days during one-half 
of the year are longer than the nights, and during the other half 
tJie nights are longer than the days. In Eu^Uii^ \)cv!d Vycv^^^X. 
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** To ererything there is a season, and a time to every purpose under the heavens.*' 
-EocLBsiAflTxs iii. 



day, June 2l8t, is sixteen hours, and the night following only eight 
honra; whilst on the 21st of December the night is «ixteen hours, 
and the day only eight hours. 

22. The rotation of the earth on its axis produces no alteration 
of light or darkness round the Poles, the only change in those 
regions being produced by the revolution of the earth through 
its orbit around the sun. As the earth passes from the positions 
B to o in six months, it follows that at the Poles there are 
six months of continuous light and six mmiths of continuous 
darkness,* 

23. Why do the Seasons change? 

The changes of the seasons proceed from the variatiojis 
in the duration of nights and days at various parts of the 
globe. When the days exceed the nights in the fullest 
degree at anj part, the earth at that part is more heated 
during the day than it is cooled by night ; and this 
period constitutes Summer. At the Spring and Autum- 
nal Equinoxes the heating and cooling of the earth 
occur during equal times ; this produces the moderate 
warmth of Spring and Autumn. When the nights are 
longer than the days the earth is more cooled than 
heated, and hence the cold season of Winter. 

24. Why is there no Winter between the Tropics f 
Because, although the changes in the position of the 

earth and its relation to the sun are sufficient to cause 
variations of weather, yet they are never sufficient to pro- 
duce winter. 

25. At the Equator the heat is nearly the same all the year 
round ; but, owing to the inclination of the earth's axis, the sun 
does not ahoays shine directly down upon the Equator. Above 
and below the Equator are two lines representing imaginary circles 
«lrawn round the globe called TrojHcs. On June 21st the sun is 

• The ictudent should master these explanations, ta they supply a key to nwiiy 
parts of Physical Geography. 
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directly over the Northern Tropic, and on December 3 1st he ii? 
directly over the Southern Tropic. The Northern Tropic is called 
the Troph of Cancer^ the Southern the Tropic of Capricorn. 

2Q, What are the characteristics of the different Zones? 

The surface of the earth is mat'ked by geographers inte 
five zones or heltSy and the characters of the earth's divisions 
thus marked mainly depend on the proportions of heat and 
light which theij receive. The middle zone, between the 
tropics, is hot and burning. It is called the Torrid Zone^ 
from the Latin torreo^ to parch or dry. The spaces betweea 
the tropics and the two Arctic Circles are the TanperaU 
Zoms; and the Polar Circles are the Frigid Zoms. 

Arolic 




£ c^uinAcliol 

27. The earth his hitherto been described as a globe ; but it is not 
strictly so, being slightly ^*/oM?d on two sides, like an orange. Thia 
flattening is at the Poles : hence the earth, measured from Pole to Pole, 
is 7898 miles in diameter, while at the Equator it is 7924 miles. The 
earth is thus twenty-six miles shorter from Pole to Polo than along 
the Equatorial Line. This depression is considerably less in proportioa 
than the usual flattening of an orange. 

28. The circumference of the earth at the Equator is about 24,900 
miles. 1'be whole superficial area of the globe is equal to 197,000,000 
square miles; of this the Land does not occupy more than 52,000,000 
square miles, or little above one-fourth j)art; whilst the Ocran coven 
an area of more than 144,000,000 square miles. 
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•*Tliey that jro down to the sea In ships, that do business in sreat waters; these 
see the worlu of the Lord, and ills wonders in the deep."— Fsaui cvii. 



THE OCEAN. 



29. Wliat causes (he Tides of the ocean? 

They arise chiefly from the attraction of the moony drawing 
the waters into a gveat and steady wave, at that point of 

the earth's surface which is 
at the time turned towards 
the moon. The waters thus 
drawn do not come from 
the parts of the earth that 
are turned from the moouy 
but from those which lie 
intermediate between the two 
extremes. Hence there is 
low water at those inter- 
mediate points, and high 
water at the two opposite parts of the earth at the same 
time. 

30. As the earth turns, and presents one part of her 
surface af^er another towards the moon, these tidal waves^ 
or heapings of the waters, travel gradually round the eaiih. 
Thus, as the earth revolves upon its axis once in twenty- 
four hours, there result high water and low water altcr- 

^ nately on each part of the coast, these changes occurring 
at intervals of about six hours and a quarter, 

31. The sun exerts a similar action upon the earth, though, from 
his far greater distance, it is much less powerful than the action of 
the moon. At new moon (that is, when the moon and sun iire both 
on the same side of the earth) tbey both act in the same direction, 




PHYSICAL GEOGRAPHY, AND GEOLOGY. 11 



**And Amaziah strengthened liimacir, and ]ed forth Iiis people, and went to 
the valley of suit, and smote of the children of Leri ten thoosanU.**— II Cubo- 

KICLKS XXT. 



and the wave cansed by their united forces is the greater. This pro- 
duces the spring tides. As the moon moves round the globe once 
in about twenty-eight days, she will in seven days, or at her first 
quarter, have come to a point at right angles to her fii'st position. In 
this place the moon tends to form a tide wave on the side of the earth 
under her; but the sun, on another side, at right angles to the moon, 
exerts a counteracting influence. The depth of the moon's wave is 
then only that due to the difference of these actions. It is then that 
neap tides occur. The moon in seven days more comes to the side 
of the earth opposite to the sun, in the position which produces full 
moon. Now the sun again assists the moon, for he tends to draw 
the earth away from the water on the moon's side, v/hilst on the side 
towards himself he draws the water nearest to him away from the 
earth. Thus he increases the direct wave of the moon on one side^ 
and also the wave on the side nearest to himself. This again produces 
spring tides. In the moon's third quarter neap tides again occur. 
Thus the spring tides occur at new and full moon, and neap tides 
at the first and third quarters. 

32. Wliy is the Sea Salt? 

The sea holds in solution common salt^ from which arises 
the popular idea of the " saltness of the sea." But this 
characteristic of the ocean must not be regarded in so 
limited a sense, since the sea holds in solution not merely 
common salt, but other substances known as " salts " in 
chemistry. Common salt imparts to sea- water its savour; 
chloride of magnesium imparts the damp sticky feeling to 
clothes that have been wetted by salt water. 

33. The solid constituents of sea-water amount to about 
3^ per cent, of its weight, or nearly half an ounce to the 
X)ound. 

34. Rivers which are constantly flowmg into the ocean 
contain salts, varying from ten to one hundred grains per 
gallon. They are chiefly common salt, sulphate and car- 
bonate of lime, magnesia, soda, potash, and iron ; and these 



12 THE RKASOar WHT 



-Ttercfm viD art w inr. tbooffli the earth be nm m v i, mad tteagh tte 
tmttim be evricd iirte tte iiridM ef tte eea.**— ftAUi zM. 



sre found to constitaie the distiDguishing substances in 
8e*-water. 

35. The water which evaporates firom the sea is nearlj 
pore, containing but very minute traces of salts. Falling 
as rain upon the land, it washes the soil, percolates through 
the rockj layers, and becomes charged with saline sub- 
stances, which are borne seaward bj the returning currents. 

36. The ocean, therefore, is the great depository of every* 
thing that water can dissolve and ccurry down from the surfrice 
of the continents; and, as there is no channel for their 
escape, thej consequently accumulate. 

37. We have reason to believe that the sea was salt from the 
heguminff, and that it has not become so through sabsequent ages 
from the washings of the land or the scouring^ of the ocean bed. 
Go back as far as we may in the dim records which Nature has left 
inscribed upon the geological pages of her history, and there we find 
the /otfi/ shellf and the remains of many marine organisms, to inform 
na that when the foundations of the mountains were laid with granite 
the sea teas salt as it is now. Had not the sea been salt, could those 
creatures have obtained solid matter for their edifices and structures, 
** Creeping things " are doing now precisely what they were set about 
when the dry land appeared, namely, preserving the purity of the 
ocean, and regulating it in the due performance of its offices.* 

38. Why do the waters of the ocean Differ in their degree 
of Saltness ? 

Because there are agents at work in different parts of 
the ocean, the tendency of which is to make the waters 
in one part Salter and heavier, and in another part lighter 
and less salt Among these agents are animals that form 
sea-shells for their dwellings, bj secreting solid matter from 
the water; and also heat and radiation^ evaporation and 
precipitation. 

• Lieut. Manrj^i •'Pbyaical Geography of ttie Sea." 
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** T)iy way is in the sea« and Tliy path in the great waters, and Thy fbotsteps 
are not known.*'— Psaui IxxvU. 



39. In the trade-wind regions at sea, evaporation is gene- 
rally in excess of precipitation, while in the extra-tropical 
regions the reverse is the case : the clouds let down more 
water than the winds take up again. In the process of 
evaporation from the sea, fresh water only is taken up, the 
salts are left behind. 

40. Why do the Different Degrees of Saltness in water tend 
to produce Currents ? 

Because salt water is heavier than fresh, as is evidenced 
by the greater buoyancy by which a swimmer floats upon 
salt than upon fresh water. The trade winds, by their 
constant force, assist to skim the Atlantic of water in the 
form of saltless vapour ; this they deliver as fresh water 
over vast areas of land and sea. 

41. Here we have, on one side, the Caribbean Sea and 
<3rulf of Mexico, with their waters of brine ; on the other, 
the great Polar basin, the Baltic and the North Sea, the 
two latter with waters that are but little more than brackish. 
In one set of these sea-basins the water is heavy, in the 
other it is light. Between them the ocean intervenes ; but 
water is bound to seek and to maintain its level ; and here 
we recognise one of the forces concerned in producing the 
^reat Gulf Stream, 

42. If all the salts of the sea were crystallised, and spread 
out over an area of seven millions of square miles, it would cover 
the ground one mile deep. What force could move such a mass of 
matter on the dry land ! Yet the machinery of the ocean, of which 
St forms a part, is so wisely and wonderfully compensated, that the 
most gentle breeze that plays on its bosom, the tiniest insect that 
secretes solid matter for its sea-shell, is capable of putting it instantly 
in motion. Still, when solidified and placed in a heap, all the me- 
chanical contrivances of man, aided by the tremendous forces of all 
the steam and water power of the world, could not remove this mass 
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an inch in centorieB of time, though, in its present adaptation, the 
sun-beam, the zephyr, and the infusorial insect, keep it in perpetual 
motion.* 

43. What becomes of the Salts that are constantly hcxuff 
washed into the sea? 

Shell-forming animals are the conservators of the ocean. 
As the salts are emptied into the deep, these creature:* 
separate the solid matters held in solution, converting them 
into more enduring solid forms ; these in course of time 
are piled in solid masses to serve as the bases of new 
islands and continents. 

44. The dews, rains, and rivers are continually dissolving 
certain minerals of the earth, and carrying them off to 
the sea. This is an accumulative process ; and if it were 
not compensated by the labours of marine animals, the 
sea would finally become as the Dead Sea is, saturated 
with salt, and therefore unsuitable for the habitation of 
many fish of the sea. 

45. If we examine the class of animals called MoUusca, to which 
various forms of land shells and shell fishes belong, we shall find 
that nearly the whole of their shell is composed of carbonate of 
lime. This substance is soluble in water containing carbonic acid 
gas; and thus we find it in solution in seas, rivers, and springs, 
and the Molluscous creatures inhabiting these waters are able t» 
separate it from its dissolving acid, and to form for themselves an 
insoluble tenement to dwell in. In this simple agency, the formation 
of solid carbonate of lime from the carbonic acid of water, there are 
changes of greater magnitude brought about than the mind of man 
can conceive. 

46. Why is the sea Blue ? 

The cause is not clearly understood, though by some 
persons it is explained that the blueness of the sea is^ 

• Lieut. Maury. 
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** Let the sea roar, and tlie fullness thereof ; let the fields rejoice, and all that 
Is therein.**— I Chronicles xri. 

like that of the sky, an absorptive colour proper to either 
element. 

47. By "an absorptive colour" is meant, that the sea 
absorbs all the prismatic colours except that of ultra- 
marine, which, being reacted in every direction, imparts 
a hue resembling the azure of the sky. 

48. The sea is only purely blue in the open ocean, or 
in very deep water, away from the influence of rivers, 
the washing of the coasts, or such currents as drift along 
sand and impurities* When free from all such causes of 
discolouration, a white object thrown overboard is seen 
to become bluer as it sinks. It can hardly be contended 
that the colour is owing either to salt, or to the presence 
■of copper, as has -been suggested; because the water of 
the Rhone, where it issues from the Lake of Geneva, 
far surpasses the deepest blue of the sea.* 

49. Yet, at the salt-works in France, and along the shores of the 
Adriatic, where salt is produced by the evaporation of sea water, 
the salt-makers judge of the richness of sea water, in respect of sail, 
by its blueness. The presence of salt in greater or smaller quantity 
may affect the arrangement of the atoms of water, so as to render 
it absorptive of the other qualities of light, and reflective of the blue ; 
and the blueness of the sky may arise from a similar arrangement of 
the atoms of air, but with which salt has nothing to do. 

50. Whi/ does the sea emit a Phosphorescent Light 
The phosphorescent light of the sea — so called from its 
resembling the glow emitted by phosphorous — is caused 
by the presence of myriads of Medusce, marine organisms, 
some soft and gelatinous, some minute Crustacea, and 
others. They mostly shine when excited by agitation of 
the water, as when an oar dashes into it, or the water 

« IIcrscltel*8 " rbysical Geography.'* 
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**Vor the ciuth ttun be fllleA wfth the knovledge of the e^ry of the Lord, as 
tlie waters corer the sea. — Uasiakkck fi. 



closes in the track of a ship. Most of these creatures are 
incoQceivablj small ; but there are others of more than an 
inch in length, which appear, when excited, like lumps of 
white hot-iron. 

51. Why are patches of the sea frequently observed to be 
of Different Colours ? 

Independently of those difiercnecs of colour which arise 
from the varying nature of the sea bottom iu shallow 
waters, from the discharge of rivers, the reflections of the 
cloudsy the passage of shoals of Jlsh, &c., there are other 
discolourations, which for some time were the subject of 
special investigation. 

52. These latter discolourations are caused by the or-- 
ganisms of the sea^ but whether wholly animal or vegetable^ 
or whether sometimes the one and sometimes the other^ 
has not been satisfactorily ascertained. They sometimes 
swarm so thickly in the Pacific and Indian Oceans, that 
they change the colour of the sea, making it crimson, 
brown, black, or white, according to their hues. 

^. The tints which have given to the Red Sea its name may,, 
perhaps, be in some measure due to agencies similar to those which 
in the salt-maker's ponds give a reddish cast to the brine, Just befoie 
it reaches that point of concentration when crystallization is about 
to commence. Some consider that this tinge is imparted by the shells, 
and other remains of infusoria which have perished in the growing 
saltness of the water. Quantities of slimy red colouring matter are 
at certain seasons of the year washed np along the shores of the Red 
tiea, which Dr. Ehrenberg, after microscopic examination, pronounces, 
to be a very delicate kind of sea-weed. So, also, the Yellow Sea. 

54. What causes the ocean Currents? 

The chief cause is the heat of the sun. The high degree 
of temperature at the Equator expands the water and make» 
it lighter. It therefore flows over the surface of the colder 
ocean in the temperate zones towai'ds the Poles, while a 
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** Then the channels of waters were seeut and the foundations of the world were 
discovered at Thy rebuke, Lord, at the blast of the breath of Thjr nostrils.— 

PSALX XTiU. 



flow of the cold water from the Poles takes place heneath 
the surface towards the Equator. These natural ten- 
dencies of the sui*fitce water to flow from the Equator to 
the Poles, and of the under water to form a current from 
the Poles to the Equator, are similar to the motions of the 
atmosphere, and are modified by the rotation of the earth 
in the same way. 

55. Hence a current results, to the extent of 30® on 
each side of the Equator. This current, striking against 
the eastern coasts of Asia, Africa, and America, is thrown 
off north and south ; the heated water flows over to the 
Poles, there cools, sinks, and sweeps again into the Equator 
along the western coasts of the land. Two general currents 
thus revolve on each side of the Equator. 

56. As a rule, on all eastern coasts of the great oceans, 
the current is from the Equator to the Poles, and on all 
western coasts from the Poles to the Equator. The Gulf 
Stream, which flows powerfully from south-west to north- 
east, along the eastern coast of North America, is a re- 
markable branch of this general current. 

57. If we except the tides, and those partial currents that 
may be created by the wind, we may lay it down as a 
rule that all the currents of the ocean owe their origin to 
difference of specific gravitif between sea water at one place 
and sea water at another; for, wherever there is such a 
difference, whether it be owing to difference of te^nperature 
or to difference of saltness, or to these two causes combined, 
it is a diiSerence that disturbs equilibrium, and currents 
are the consequence. 

58. How do ocean currents tend to Diffuse and Equalize 
Temperature f 

The hot water of the equatorial currents, in all the seas. 
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** As tar as the east is from the west, so far httth lie removed our transgressions 
from tts."— FsALX dii. 



is dashed against the eastern coasts of southern lands, 
while the cold supplying currents from the southern ocean 
sweep along the west side of those masses. In its northern 




THE WESTERN HEMISPHERE. 



-circulution, the hot water is carried across the great oceans 
north-eastward, to strike on the west sides of the northern 
lands, while cold return currents flow down their east 
^ides; and, in its southcrp circulation, the hot water is 
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**Tl)e north and the south Thoa hast created them: Tabor and Hcrmon si tall 
rejoice in Thy name.'*— Psaui Izxxiz. 



thrown off southwards by the eastern coasts of the southern 
masses.* 




THE EASTERN HEMISPHERE. 

59. What 18 the cause of the Gulf Stream ? 

Modern investigations arc beginning to throw light 
upon this subject ; thbugh all is not* now clear. The 
generally received opinion is that which Was held by Dr. 
Franklin, that the Gulf Stream is the escaping of the 
waters that have been forced into the Caribbean Sea by the 
trade winds, and that it is the pressure of those winds upon 

• Herschel. 
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** He Kave to the sea His decree, that the vateri ihoald nnt pass His command- 
ment: when He appointed the foundations of the earth.**— PnovfiiBS vUi. 



the water, which forces up into this sea a head or reservcir 
of water for this great stream. 

60. But more recent opinions appear to indicate tliat, though 
the pressure of the trade winds may assist to give the 
Gulf Stream its initial velocity, this* cause is not in itself 
adequate to the whole effect. The other causes that assist 
this wonderful movement of waters, are the differences of 
temperature at various parts of the earth, and differing 
degrees of saltness in various parts of the ocean, altering 
the specific gravity of the waters. 

61. The Gulf Stream is one of the most wonderful things in 
nature. It constitutes a grand river in the ocean. In the severest 
droughts it never fails, and in the mightiest floods it never overflows. 
Its banks and bottom are of cold water, while its cun*eut is of warm. 
The Gulf of Mexico is its fountain, and its mouth is in the Arctic 
Seas. There is no other such majestic flow of waters. Its current 
is more rapid than the Mississippi or the Amazon, and its volume more 
than a thousand timet greater.* 

62. Whi/ did the existence of the Gulf Stream promote 
the Discovery of America hy Columbus f 

By washing to the islands of the Azores bamboos, 
artificially cut pieces of wood, trunks of trees, and bodies 
of men of unknown race. These, among other evidences, 
led Columbus to believe in the existence of lands westward 
of Asiatic countries. 

63. The current produced by the Orinoco, between the 
mainland and the island of Trinidad, also prompted Co- 
lumbus in his discovery. He inferred that so immense 
a body of fresh water as there flowed into the sea could 
only be collected in a long course, and ^^ that the land 
which supplied it must be a continent, not an island." 

• lieutl Manxy. 
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** There is a river, the streams whereof shall make Klad tlie dtjr of Ood, the 
holy place of the tabernacles of the Must High.**— Psajui xlvL 



64. What effect has the Gulf Stream upon the Tempera- 
ture of Europe ? 

The maximum temperature of the Gulf Stream is 86® 
or about 9® above the ocean temperature due to the 
latitude. Increasing its latitude 10®, the water of the 
Stream loses but 2® of temperature ; and, after having 
run three thousand miles towards the north, it still pre- 
serves, even in winter, the heat of summer. With this 
temperature it crosses the 40th degree of north latitude, and 
there, overflowing its liquid banks, spreads itself out for 
thousands of square leagues over the cold waters around^ 
and covers the ocean with a mantle of warmth that serves 
to mitigate in Europe the rigours of winter, 

G5. The warm waters which are contained in the Gulf of Mexico 
resemble a heating apparatus employed to give heat to a conserva- 
tory, or to a dwelling in the winter, the furnace and the cauldron 
being placed at a distance from the apartment to be warmed. The 
fumate is the torrid zone ; the Mexican Gulf and the Caribbean 
Sea are the cauldrons ; and the Gulf Stream is the conducting 
pipe. The warmth thus conveyed is taken up by genial west winds, 
and diffused in the most benign manner throughout Europe. 

^Q. Wliat is the effect of the Gulf Stream upon Great 
Britain f 

Every volume of west wind that blows crosses the warm 
Gulf Stream on its way to Europe. The warm windf, 
and waters meet, and diffuse their influences through and 
around the British Islands — influences not only of warmth 
but of moisture. These genial influences make Ireland 
the "Emerald Isle of the Sea," and clothe the shores 
of England in ever-green robes, while, in the same lati- 
tude on the opposite shores of the Atlantic, the coasts 
of Labrador are fast bound in ice. 

67. In 1831 the harbour of St. John's, Newfoondland^ \(r«& tiVM«^ 
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**IIc maketh the deep to boil like a pot; He maketh the sea like a pot of 
ointment."— Job xli. 



80 late as the month of June; 'yet the port of Liverpool, though 
2® further north, is never seriously affected by ice even in winter. 
Sir Walter Scott has written that the ponds in the Orkneys (latitude 
nearly 60^) are not frozen in winter, a soft climate prevailing owing 
to this grand heating apparatus. 

68. Whi/ does the Gulf Stream influence favourably the 
Climates of Mexico, Central America, and the West Indies '/ 

The West Indies are encompassed on one side by a 
chain of islands, and on the other by the Cordilleras 
of the Andes, contracting with the Isthmus of Darieii, 
and stretching themselves out over the plains of 
Central America and Mexico. Beginning on the summit 
of this mountain range, we leave the regions of perj)etital 
snow, and descend into the temperate level, and then wo 
reach the buiming land. Descending still lower, Ave arrive 
at the surface of the Mexican seas, and here, were it 
not for the cooler returning currents thvugh- the Carih- 
. hean Sea, there would prevail the hottest, and 2V'obabh/ 
the most pestilential climate in the world. 

69. As the waters in these two great cauldrons (the 
Mexican Gulf and the Carribbean Sea) become heated, 
they are borne off by the Gulf Stream, and arc replaced 
by cooler currents returning from the North Atlantic 
through the Caribbean Sea. 

70. The difference in temperature between the escaping and the 
retiring waters shows that the quantity of heat daily carried off by 
the Gulf Stream and diffused over the Atlantic is sufficient to raise 
mountains of iron from zero to the melting point, and to heep in 
flow Jrom them a molten stream of metal greater in volume than 
the waters daily discharged from the Mississippi River! 

71. Why do the different specific gravities of Warm and 
Cold Waters produce Ocean Currents? 
Hot water, being the lightest, expands and rises to 
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"Let the heavens rejoice, and let the earth be t;lad; let the aea roar, and the 
fulness tliereof."— PsALX xcvi. 



the top ; and there, parting with its heat, descends, 
and gives place to volumes of warmer water rising from 
below. 

72. Thus, in a winter's day, the waters at the surface 
of the Gulf Stream off Cape Hatteras may be at 80*^, 
and at the depth of three thousand feet the thermometer 
will stand at 57®. Following the stream thence off the 
Capes of Virginia, one hundred and twenty miles, it 
will be found that it now stands a degree or two less 
at the surface, while all below is cooler. In other 
words, the stratum of water at 57*^ which was three 
thousand feet below the surface off Hatteras, has, in 
the course of one hundred and thirty miles in a hori- 
zontal direction, ascended vei^tically six hundred feet — has 
actually run up hill with an ascent of five or six feet 
to the mile. 

73. There is reason to believe that the warm waters of the Gulf 
Stream ai*e nowhere permitted to touch the bottom. There is every- 
where a cushion of cool water between them and the earth. This 
arrangement is strikingly beautiful. One of the benign influences 
of the Gulf Stream is to convey heat from the Gulf of Mexico, 
where otherwise it would become excessive, and to disperse it in 
regions beyond the Atlantic for the amelioration of the climates of 
Europe. Now, cold water is one of the best non-conductors of 
heat, and if the warm Gulf Stream were sent across the Atlantic 
in actual contact with the earth — comparatively a good conductor 
of heat — instead, of being sent across, as it is, with a cold non- 
conducting cushion to separate it from the bottom, all its heat 
would be lost in the first parts of the way, and the soft climates 
of France and England would be cold in the extreme. 

74. What marked difference exists between the Climates of 
Sea and Land? 

Althuugh they both change with latitude, that of 
the land- varies with elevation above, and of tl^a ^«.a 
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** Who layetli the beams of His chambprs in the waters ; who maketh tlic clouds 
His duulot ; wlio walketh upon the wingit of Ihe wind." — Psalm dr. 



with depression below the sea level. The higher we 
ascend a mountain the colder it becomes ; descending 
again we find increasing warmth until we reach the 
plain. But were it possible for us to descend into very 
deep waters, we should quit. the warmth of the surface 
and find increasing degrees of cold the deeper we sank. 

75. Whi/ may the presence of Sand Banhs^ Shoals, ^c, 
he recognised by the low temperature of the water covering 
them f 

Because when, in the general movement of the water 
forming a current, the deeper situated and colder par- 
ticles strike upon a bank, their motion is inclined upwards, 
and they mingle with and chill the upper stratum of 
water. 

76. The fact was first discovered by Dr. Franklin, who may be 
said thereby to have transformed the thermometer into a sounding 
line. Sir Humphry Davy attributed the fact rather to the descent 
of the surface particles, cooled by nocturnad radiation, and to their 
being prevented fi*om sinking deeper by the shoal, which thus 
retained them in closer proximity to the surface. 

77. What are the distinctions between Insular and Excessive 
Climates f 

We find that the climate of islands, and of countries 
bordering on the sea, difiers considerably from that of the 
interior of continents, the former being usually charac- 
terised by milder winters and more temperate summers. 
Such countries are said to possess an insular climate. 

79. When, on the other hand, any region experiences 
^^^^MMt mreriij of eold in winter, and at the same time 
M^^^Hj^iUerable degree of heat in summer, it is said to 
^^^^^^H ML excessive climate. 

•lowneis with which the great mass of water in the ocean 
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" The sea is His, and He made it, and His bands formed the dry land.**— Psauc xcv. 



followB the Tariations of temperature in the atmosphere, and the 
consequent influence of the sea in equalising temperatures, g^yes rise 
to an important contrast between insular or littoral climates (enjoyed 
also in more degree by countries whose outline is broken by peninsulas 
and bays) and the climate of great masses of solid land. These 
insular climates exert peculiar effects upon vegetation and agriculture, 
on the transparency of the atmosphere, and the serenity of the sky, 
on radiation from the surface, aurl on the height of the limit of 
perpetual snow. 

80. The mean temperature of the month of August in Hungary is 
09° 8' Fah.; in Dublin, which is situated on the same isothermal line (t.e.) 
the line of equal mean annual temperature) of 49° 2', it is barely 60° 8' 
the mean winter temperature of the two stations being 27° T at Buda, 
and 39° 8' at Dublin. The winter temperature of Dublin is 3° 6' 
higher than that of Milan, Pavia, Padua, and of the whole of 
Lornbardy, although they enjoy, on the mean of the whole year, a 
temperature of at least 5° 8". Stromness, in the Orkneys, not half 
a degree south of Stockholm, has a winter temperature of 39° 2", being 
nearly as mild as London, and milder than Paris ; even in the Faroe 
Islands, in lat. 62°, under the favouring influence of the sea and of 
westerly winds, the island waters never freeze. On the lovely coast of 
Devonshire, where Salcombe Bay has been called, on account of its mild 
climate, the Montpellier of the North, the agave Mexicana has been seen 
to blossom in the open air, and orange trees trained against espaliers, 
and only slightly protected by mats, have borne fruit. There and at 
Penzance and Gosport, as well as Cherbourg in Normandy, the mean 
winter temperature is above 41° 8', only 2° 4' lower than that of 
Montpellier and Florence. Hence we perceive in what a variety of' 
ways the same mean annual temperature may be distributed in the 
different seasons of the year, and the important influence of this 
distribution, whether considered in reference to vegetation to agricul- 
ture, to the ripening of fruits, or to the comfort and well being of 
man.* 

81. //i tvJiat manner do Ice-bergs assist in the Moderation 
of Climates? 

Noi merely by cooling the intertropical seas, but iu 

» Humboldt's " Cosmos." 
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** The sea is come np upon Babylon : she is covered with tlic multitnde of the 
waves thereof."— Jkhemiah U. 



withdrawing heat from the atmosphere as they melt and 
return to a state of fluidity. Nor is this all : while they are 
in process of congelation, the heat of fluidity is set free 
and this assists to give activity and energy to the Polar 
systems of atmospheric circulation, hy waiming and ex- 
panding the air at its places of ascent. 

82. Thus it is that ice-bergs are employed to p/5// 
forward the winds in the Polar regions, and to hold thevi 
bach in the Equatorial. In contemplating these facts, we 
perceive how ice-bergs are "coupled on," and made to per- 
form the work of a regulator, with adjustments the most 
beautiful and compensations the most exquisite, in the 
grand machinery ,of the atmosphere. 

83. Wliy does great Coolness prevail for a considerable 
period of the year within the tropics on the coast of Fern ? 

This is accounted for by the prevailing fogs, which 
veil the sun, and a cold sea current, which, commencing 
in the Arctic regions and coming from the south-west, 
strikes the coast of Chili near Valdavia and Conception,, 
and thence streams rapidly along the coast to the north- 
ward, as far as Cape Parifia. 

84. Wliy are the Heat and Dryness of intertropical America 
less extreme than in corresponding latitudes of Africa ? 

Amongst various causes may bo mentioned the narrow- 
ness and deep indentation of the American land in the 
northern part of the torrid zone, where the atmosphere^ 
having the ocean for its base, does not present^ so heated 
an ascending cun*ent; the extension of the continent 
towards the Poles, the expanse of ocean over which the 
trade winds sweep, acquiring thereby a cooler tempera- 
ture ; the flatness of the eastern coasts ; currents of cold 
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"For He maketh small the drops of water; they poor down rain according to 
the vapour thereof.** — Job xxxvi. 



sea water from the Antarctic regions ; the numerous lofty 
mountain chains rich in springs, and whoso snow-clad 
summits, rising high above the clouds, cause descending 
currents of air to roll down their declivities. 

80. The abundance of rivers of enormous breadth 
which, after many windings, seek the most distant coast ; 
— steppes which, not being sandy, become less heated than 
the African deserts ; — impenetrable forests, protecting with 
their shade the soil beneath from the direct influence of 
the sun, and extracting vast quantities of moisture ; — all 
these circumstances afford to the flat part of America a 
climate which, by its humidity and coolness, contrasts 
wonderfully with that of Africa. 

86. These explanations, however, relate to the state of 
the atmosphere and the temperature of the New Con- 
tinent as a whole. Single districts, such as the island of 
Margarita, and the coasts of Cumana and Coro, are as 
hot and dry as any part of Africa. 

87. In what manner do alternate Evaporation and Hatn- 
fall cause oceanic Currents? 

The total annual fall of rain on the earth's surface is 
estimated at one hundred and eighty-six thousand two 
hundred and forty cubic miles. The Pacific and Indian 
Oceans cover an area quite equal in extent to one-half 
of the whole surface of the earth. 

88. Three-fourths of the vapour which makes the total 
annual amount of rain is taken up from the waters of 
these two great oceans. 

89. But supposing that only half of this quantity, (. <?. 
ninety-three thousand one hundred and twenty cubic miles 
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** Thon. O God, didst send a plentiful rain, vrhereby thou didst conflra thine 
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of rain, falls upon these seas, and that an equal quantity 
is taken therefrom again as vapours, this would give 
two hundred and fifly-five cubic miles as the quantity 
of water which is daily lifted up and poured back again 
into this expanse. 

00. The better to appreciate the operation of such agencies in producing 
currents in the sea, now here, now there, first this way, and then 
that, let us, hy way of illustration, imagine a district of two hundred 
and fifty-five square miles in extent to be set apart in the midst of 
the Pacific Ocean as the scene of operations for one day. We must 
now conceive a machine capable of pumping up, in the twenty-four 
hours, all the water to the depth of one mile in this district. The 
machine must not only pump up and beai* off this immense quantity 
of water, but must discharge it ag^n into the sea on the same day, 
but at some other place. Here is a force for creating currents that 
is equivalent in its results to the effects that would be produced by 
baling up, in twenty-four hours, two hundred and fifty-five cubic 
miles of water from one part of the ocean, and emptying it out again 
upon another part. 

01. The currents that would be created by such an operation would 
overwhelm navigation and desolate the sea; and, happily for the 
human race, the great atmospherical machine which actually does 
perform every day, on the average, all this lifting up, transporting, 
and letting down of water upon the face of the grand ocean does 
not confine itself to an area of two hundred and fifty-five squd^e 
miles, but to an area three hundred thousand times as great. 

X 02. Yet the samo quantity of water is kept in motion, and the • 
currents, in the aggregate, transport as much water to restore the 
equilibrium as they would have to do were all the disturbance to 
take place upon the imagined area of one mile deep over the space 
of two hundred and fifty-five square miles. 

03. When we consider that evaporation is lifting np, that the winds 
are propelling, and that the clouds are transporting and letting down 
SYERY HAY actually such a body of water, we see existing in nature 
a forco perhaps quite sufiicient to give rise to just such a system of 
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currents as that which mariners find in the Pacific— currents which 
appear to rise in mid-ocean, run at unequal rates, sometimes east^ 
sometimes west, and finally lose themselves in the great body of 
the waters. 

94. What are the principal Currents of the Atlantic ? 

The chief Atlantic current is the Great Gulf Stream, 
abeady described. Besides this, there are the Equatorial 
current, and the Brazil current. Their fountain-head 
is the same. It arises in the warm waters about the 
Equator, between Africa and America. The former, re- 
ceiving the Amazon and Orinoco as tributaries by the 
way, flows into the Caribbean Sea, and becomes, with 
the waters in which the vapours of the trade winds leave 
their si^ts, the feeder of the Gulf Stream. 

95. The Brazil current, coming from the same fountain, 
is supposed to be divided by Cape St. Eoque, one branch 
going to the south undor this name, the other to the 
westward. There is also a large periodical flow of Arctic 
waters into the Atlantic, which bears, no doubt, an im- 
portant part in the system of oceanic circulation. 

96. We may lay it down as a law in the system of oceanic circula- 
tion that every current in the sea has its counter^current ; in other 
words, that the currents of the sea are, like the arteries and veins 
of the human system, arranged in pairs or sets ; for, wherever one 
current is found carrying off water flrom this or that part of the sea, 
to the same part must some other current convey an equal volume 
of water, or else the first would, in the course of time, cease for the 
want of water to supply it. 

97. Winds are named from the points whence they blow, 
currents exactly the reverse. An easterly wind comes froin 
the east, but an easterly current comes from the west and 
flows towards the east. 
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98. What are the principal Currents of the Indian Ocean ? 

They are the Mozambique cutTent or Lagnllas current ; 
4md another great current, which makes it escape through 
the Straits of Malacca, and, being joined by the warm 
streams, from the Java and Chinese Seas, flows out into 
the Pacific between the Phillippines and the shores of Asia. 
Thence it pursues a circle route for the Aleutian Islands, 
tempering climates, and losing itself in the sea on its 
route toward the north-west coast of America, 

99. Besides these, there is a surface-current flowing north 
through Behring's Straits into the Arctic Sea. There are 
also Ice-hearing currents y but they are insignificant as 
-compared with those of the North Atlantic. 

100. Between the physical features of this current and the Gulf 
Stream of the Atlantic there are . several points of resemblance. 
-.Sumatra and Malacca correspond to Florida and Cuba ; Borneo to the 
Bahamas, with the Old Providence Channel to the south, and the Florida 
Pass to the west. The coasts of China answer to those of the United 
•States, the Phillippines to the Bermndas, and the Japan Islands to 
Newfoundland. As with the Gulf Stream, so also here with the China 
•current, there is also a counter-current of cold water between it and 
the shore. The climates of the Asiatic coast correspond with those 
of America alon^ the Atlantic, and those of Columbia, Washington, 
And Vancouver, are duplicates of those of western Europe and the 
British Islands; the climate of California (State) resembling that of 
i^pain; the sandy plains and rainless regions of California reminding 
one of Africa, with its deserts, between the same parallels.* 
Moreover, the North Pacific, like the North Atlantic, is enveloped, 
where these warm waters go, with mists and fogs, streaked with 
lightning. The Atlantic Islands are almost as renowned for fogs and 
mists as are the banks of Ne^ifoundland. 

101, What is meant by Ice-bearing Currents? 
Ice-bearing currents arc those which are from the Arctic 

* Lieut. Maury. 
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and Antarctic Seas, bearing with them mountains and fields 
of ice, which become gradually dissolved as they approach 
warmer latitudes. Mid-way between Africa and Australia, 

an ice-bearing current is 
found wending its way 
from the Antarctic re- 
gions with supplies of 
cold water to modify the 
Jiot chmates, and restore 
equilibrium to the waters 
of the warmer regions. 

102. The current that 
flows up to the west of 
the Indian Ocean is the 
greatest ice-bearer. Its 
bearings occasionally interfere with vessels bound to 
Australia. The Gulf Stream seldom permits them to 
get so near to the Equator as that in the North Atlantic. 
But an ice-bearing current which passes east of Cape Horn 
into the South Atlantic has been known to convey its 
bergs as far as the parallel of 37^ south latitude. This 
is the nearest approach of iceheivjs to the Equator. 

103. The Resolute exploring ship, having been abandoned 
on account of getting locked in a vast field of ice in 
Melville's Straits, was found afterwards in Baffin's Bay> 
having been carried 1000 miles from its former position by 
the drift of an ice-field 300,000 square miles in extent, and 
seven feet thick. A field of ice covering to the depth of 
seven feet an area of 300,000 square miles would weigh 
not less than 18,000,000,000 tons ! 

104. What are the principal CuiTcnts of the Facijlcl 
The currents of the Pacific are \)\il \vU\e ^wv^i^x^^^^^^^ 
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the best known is the Humboldt current of Peru. This 
current is felt as far as the Equator, mitigating the 
rainless climate of Peru as it goes, and making it de- 
lightful The Andes, with their snow caps, on one side 
of the narrow Pacific slopes of this intertropical republic, 
and the current from the Antarctic regions on the other, 
make its climate one of the most remarkable in the world ; 
for, torrid as to latitude, its temperature is such that 
cloth clothes are seldom felt oppressive. 

105. There is, along the coast of California and Mexico, 
a southwardly movement of waters, as there is along 
the west coast of Africa, towards the Cape de Verd 
Islands. To the west from California lies the Pool into 
which the drift-wood and sea-weed of the North Pacific 
are generally gathered. 

106. There is also a warm current from the intertropical 
regions of the Pacific, midway between the American 
coast and the shore-lines of Australia. There are also 
about the Equator in this ocean some curious currents, 
which are not yet sufficiently understood ; some of them 
run with great force. On a voyage from the Society to 
the Sandwich Islands, Liputenant Maury encountered one 
running at the rate of ninety-six miles a-day. 

107. A curious illustration of the existence of over-lying strata of 
ivater moving in opposite directions is afforded by the following 
circumstance, which occurred in the Baltic Sound, and which was 
narrated to Lieutenant Maury by an able seaman who was present 
at the making of the trial. He said that, being in one of the 
King's frigates, some of the crew went with their pinnace into 
the mid stream, and were carried away violently by the current; 
that observing this, they sunk a bucket with a heavy cannon ball 
to a certain depth of water, and found that it gave a check to 
the boat's motion ; and, sinking it still lower, the boat was driven 
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ahead to ^ho windward against the uj^per current, and that the 
lower the bucket was sunk the stronger the under -current was 
found to be. The boat was thus towed, by the bucket and ball sunk 
to the under-current, in an opposite direction to the upper current. 

108. What benefits have resulted to Navigation and 
Commerce from a more perfect knoivledge of the Oceanic 
Currents ? 

It would be impossible briefly to enumerate them all. 
One of the most marked examples is that afforded by the 
Gulf Stream, which intersects the tract of the world's 
greatest commerce. Though navigators had been in the 
habit of crossing and re-crossing the stream almost daily 
for three centuries, it never occurred to them to make use 
of it as a means of giving them their longitudes, and of 
warning them of their approach to the American shores. 
Vessels from Europe to Boston frequently found themselves 
at New York, and thought the landfall by no means bad. 
Instances are numerous of vessels navigating the Atlantic 
in those times being 6^, 8®, and even 10® of longitude out 
of their reckoning in as many days from port. 

109. Colonel Sabine, a few years ago, in his passage from 
Sierra Leone to New York, was drifted one thousand six 
hundred miles of his way by force of currents alone ; but, 
since the Gulf Stream has been better understood, the 
average sailing passage from England to America has been 
reduced from upwards of eight weeks to a little more than 
four. 

110. Between England and Australia the average time 
going was formerly 124 days, and returning about the same, 
making the round voyage about 250 days on the average. 
The outward passage has lately been reduced to 97 days on 
the average, and the homeward passage has been mad& vdl 
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63. The average voyage from New York to California 
was 183 days, but the duration of the sailing has been 
reduced to 135 days. 

111. No part of the world affords a more difficult or dangerous 
navigatioii than the approaches to the nortJiem coast of America in 
winter. Before the warmth of the Gulf Stream was known, a winter 
voyagQ from Europe to New York, and even to the Capes of the 
Delaware or Chesapeake, was many times more trying, difficult, and 
dangerous than it now is. In making this part of the coast, vessels 
are frequently met by snow-storms and gales, which mock the seaman's 
strength and set at nought his skill. In a little while his bark becomes 
a mass of ice ; with her crew frosted and helpless, she remains obedient 
only to her helm, and is kept away from the Gulf Stream. After a few 
hours' run she reaches its edge, and almost at the next bound passes 
from the midst of winter into a sea at summer heat. Now the ice dis- 
appears fi-om her apparel ; the sailor bathes his stiffened limbs in tepid 
waters. He rises up, and attempts to make his port again, and is 
again, perhaps, as rudely met and beaten back from the north-west ; 
but each time that he is driven off from the contest, he comes forth 
from this stream, like the ancient son of Neptune, stronger and stronger, 
until, after many days, his freshened strength prevails, and he at last 
triumphs, and enters a haven in safety. 

112. Before the course and the warmth of the Gulf Stream were 
known, vessels distressed upon the Atlantic Sea front knew of no place 
of refuge short of the West Indies, and it was no uncommon occurrence 
for vessels bound for the Capes of Delaware in winter to be blown off 
and go to the West Indies, and there wait for the return of spring 
before they would attempt another approach to this part of the coast* 

113. Why 18 the Climate of Patagonia and the Falkland 
Islands remarkably Mild in winter f 

Because the heated waters of the Gulf of Guinea diffuse 
warmth to the extra-tropical regions of South America, as 
do the waters of the Gulf of Mexico to the Continent and 
Islands of Europe. The water in the Equatorial cauldron 

* Lieut. Haniy. 
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of Guinea cannot escape north ; the shore-line will not per- 
mit it. It must, therefore, overflow to the south, carrying 
to Patagonia and the Falkland Islands a climate mild as 
that prevailing in Ireland in winter. 

114. On the Falkland Islands (latitude 51— 2<^ south) 
thousands of bullocks, sheep, and horses run wild over the 
countiy, gathering a living all through the winter. 

115. We cannot now tell the reason, though explanations founded 
upon mere conjecture have been offered, why there should be a jutting 
in and out of the shore-lines, as at Cape St. Roque and the Gulf of 
Guinea, on opposite sides of the Atlantic ; but one of the purposes, at 
least, which this peculiar coast formation was intended to subserve is 
no doubt revealed to us in the fact that it gives direction to the 
waters of the two great hot cisterns found in this ocean, causing them 
to distribute warmth to Western Europe and to Eastern Patagonia. 

116. Wliy is it believed that at the bottom of Deep Seas 
there are No Currents? 

Because, since comparatively deep sea soundings have 
been effected, the objects brought up by the deep-sea 
plummet have been such as must have been swept away 
from the bottom had any active current existed. 

117. These objects have been found to consist of the remains of micro- 
scopic creatures, in some cases the sheUs having the flesh still in them. 
Now, these feculences of the sea, as the remains of its microscopic in- 
habitants may be called, are relatively as light in the water as dust in 
the air, and, if the bottom of the sea were scoured by currents, those 
light bodies would be swept away into drifts like snow or sand ; they 
would be scratched, their sharp comers and edges would be broken off 
and rounded. Moreover, were they drifted about, then sand and other 
scourings of the ocean would be found mixed with them. 

118. But the specimens brought up from the deep show no such 
mixture, and the infusoria thence bear no marks of abrasion upon even 
their most delicate parts. 
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119. Why has it hitherto been found impossible to Sound 
the Depths of the Sea in its deeper parts ? 

Because the powerful under-currents of the sea continue 

^ to run out the sounding v 

line after the plummet has 
reached the bottom, with 
^^ such rapidity as to render 
it impossible to judge whe- 
ther the bottom has been 
^t reached or not; and because 
ri^ every mechanical invention 
^l designed to register its de- 
scent is rendered ineffective 
at considerable depths by 
. the enormous pressure of 
the waters. 

120. The depths of the ocean, it is known, are Uable to great variations. 
Soundings taken in the Atlantic have shown a depth of 18,000 feet, or 
about three miles and a half; soundings in the Southern Atlantic, to 
the west of the Cape of Good Hope, showed a depth of 27,000 feet, or 
vnore than five miles, and the bottom had not been reached. At a 
point 300 miles from the Bermudas, 5700 fathoms of line were paid 
out, nearly six and a half miles, and no bottom found. Near the 
same parallel, bottom was found at less than half the above depth. 
Midway between the islands of Tristan d'Acunha and the mouth of the 
Rio de la Plata, the bottom was reached at a depth of 7706 fathoms, 
or eight miles and three-quarters. The time occupied in running out 
the line was nearly three hours. But these deep soundings are of very 
doubtful character, on account of the effects of the current. 

121. The average depth of the sea on the coast of England is about 
120 feet; on the coast of Scotland, 860 feet; on the western coast of 
Ireland, 2000 feet. From the summit of Chimborazo to the bottom of 
the Atlantic, at the deepest place yet reached by the plummet, and 
affordinjf a reliable sounding, is nine miles in a vertical line. 

122. Could the waters of the Atlantic be drawn off, so as to expose to 




PHYSICAL GEOGRAPHY, AND GEOLOGY. 37 



"Thero go the sbips; there is that leriathan whom Thou hast made t3 play 
therein."— PsALX civ. 



view this great sea gash, which separates great continents, and extends 
from the Arctic to the Atlantic, it would present a scone the most 
rugged, grand, and imposing. The very ribs of the solid earth, with 
the foundations of the sea, would be brought to light, and we should 
have presented to us at one view in the cradle of the ocean a thousand 
fearful wrecks, with that dreadful array of dead men's skulls, great 
anchors, heaps of pearl, and inestimable stores, which, in the dreamer's 
eye, lie scattered on the bottom of the sea, making it sad with 
sights of death. 

123. Wliat IS the leading characteristic of the Bed of the 
North Atlantic ? 

It has been satisfactorily ascertained that there exists 
at the bottom of this sea, between Cape Race, in New- 
foundland, and Cape Clear, in Ireland, a remarkable steppe^ 
which has become known as the telegraphic plateau. It 
was upon this that the trans-Atlantic telegraph cable was 
laid down in 1858 ; and although the first attempt proved 
a failure, and a great disappointment to the people of both 
the Old and the New World, there can be little doubt that 
the establishment of submarine telegraphic communication 
between England and America will ere long be numbered 
among the great achievements of science. 

124. Why is the Gulf Stream called the "Storm King^* of 
the North Atlantic f 

Because the heat, warmth, and moisture naturally 
prevailing over and around the current produce frequent 
atmospheric disturbances, by coming as it were suddenly 
into contact with cold air on either sido of it, whicji 
air is frequently at the freezing point. 

125. The most ten-ific storms that rage on the ocean 
have been known to occur within or near the borders of 
the Gulf Stream. The fogs of Newfoundland, which so 
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much endanger navigation in winter, doubtless owe their 
origin to it. 

126. The great hurricane of 1780 commenced at Barbadoes. Then 
the bark was blown from trees, and the fruits of the earth destroyed > 
the very bottom and depths of the sea were uprooted, and the waves 
rose to such a height that forts and castles were washed away,*and their 
great guns carried about in the air ; houses were razed, ships wrecked, 
and the bodies of men and beasts lifted up in the air, and dashed to 
pieces in the storm. At the different islands, not less than twenty 
thousand persons lost their lives on shore, while, further to the north, 
the Stirling Castle and the Dover Castle went down at sea, and fifty 
sail were driven on shore at the Bermudas. 

127. What 13 the cause of the Saragossa Sea 7 

It is caused by the circular movements of the waters of 
the Gulf Stream. The sea lies midway in the Atlantic, in 
the triangular space between the Azores, Canaries, and the 
Cape do Verd Islands. 

128. The Saragossa Sea covers an area equal in extent to 
the Mississippi Valley, and is so thickly matted over with Gulf 
weeds that the speed of vessels passing through it is often 
much retarded. When the companions of Columbus saw 
it they thought they had reached the boundaries of navi- 
gation, and became alarmed. To the eye, from a little 
distance, it looks substantial enough to walk upon. Patches 
of the weed are always to be seen floating along the outer 
edge of the Gulf Stream. 

129. If bits of cork, or chaff, or any floating substance be put into a 
basin, and a circular motion be given to the water, all the light sub- 
stances will be found crowding together near the centre of the pool, 
where there is the least motion. Just such a basin is the Atlantic 
Ocean to the Gulf Stream ; and the Saragossa Sea is the centre of 
the whirl. Columbus first discovered this weedy sea in one of his 
voyages ; there it has Remained to this day, moving up and down, 
ttQd changing its position according to the seasons, storms, and winds; 
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Exact observations as to its limits and their range, extending back for 
fifty years, assure us that its mean position has not been altered since 
that time. 

130. The sea has its deserts and teildemesses, and these are as 
ontravelled and as unknown as the great Amazonian wildernesses of 
Brazil or the inland basins of Central Africa. . To the south of a line 
extending from Cape Horn to the Cape of Good Hope, is an immense 
waste of waters. None of the commercial thoroughfares of the ocean 
lead through it ; only the adventurous whaleman finds his way there 
now and then in pursuit of his game ; but, for all the' purposes of 
science and navigation, it is a vast unknown region. 

131. Wliat is the cause of ''Tide-rips/* "Bores," and 
^' Eagres V 

These are examples of commotion of the seas not easily 
accounted for. They occur at uncertain intervals, and are 
not inaptly likened to " spasms," or throbbings. 

132. Tide-rips are usually found in the neighbourhood of 
the equatorial calms — that region of constant rain to which 
they have been attributed. They are described a^ some- 
times starting up in a calm, and then approaching the 
vessel, with great waves and noise. 

133. The lores or eagres of Indiay the Tsien-Tang River, 
the Bay of Fandy, and tho Amazon, are the most celebrated. 
They are a tremendous tidal wave, which, at stated periods, 
comes rolling in from the sea, apparently threatening to 
engulph everything that moves on the beach. 

134. In the Bay of Fundy these tidal waves rise many feet high, and 
Are said to overtake deer, swine, and other wild beasts that feed on the 
beach, and to swallow them up before the swiftest of foot among them 
have time to escape. Swine, which feed on mussels at low water are 
«aid to "snuff" the bore, either by sound or smell, and sometimes to 
dash off to the cliffy before it rolls in. 

135. Besides tide-rips, bores, and eagres, there are the sudden dis^ 
ruptions of ice which Arctic voyagers tell of— the immense bergs 
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which occasionally appear in groups near certain latitudes ; the variable 
character of all the currents of the sea — now fast, now slow — now 
running this way, now that — all of which may be taken as so many 
signs of the tremendous throes which occur in the bosom of the ocean. 
Sometimes the sea recedes from the shore, as if to gather strength for 
a great rush against its barriers, as it did when it fled back to join 
with the earthquake and overwhehn CiEillao in 1746 and again Lisbon 
nine years afterwards. The tide7rips in mid-ocean, the waves dashing 
against the shore, the ebb and flow of the tides, may be regarded, in 
some sense, as the throbbings of the great sea pulse.* 

136. ^VIlat IS the cause of Waves? 

Waves that are not tidal are produced by the friction of 

the wind, agitating the surface of the ocean. If the motion 

__ _ of the wind be exactly pa- 

'^^■''^'^"- rallel to the surface, there 

will be friction, yet the 
water will be smooth ; but 
if the motion of the wind 
be inclined, in however 
small a degree, a ripple 
will appear. The friction 
raises a minute wave, 
whose elevation protects 
the water beyond it from 
the wind, which conse- 
quently impinges on the 
surface at a small distance 
beyond ; thus, each im- 
pulse combining with the 
other, produces an undida- 
tion which continually advances. 

137. Those beautiful silvery streaks on the surface of a 
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tranquil sea, called " cat's paws" by sailors, are owing to 
a partial deviation of the wind from a horizontal direction. 
The agitation at first extends a little below the surface ; but 
in long continued gales, even deep water is troubled, the 
billows rise higher, and, as the surface of the sea is driven 
before the wind, curling waveSy impelled beyond the perpen- 
dicular, fall in wreaths of foam, 

138. Sometimes several waves overtake one another, and form a 
sublime and awful sea. The highest waves known are those which 
occur during a north-west gale off the Cape of Good Hope, aptly called 
by the ancient Portuguese navigators, the Cape of Storms. Cape Horn 
also seems to be the abode of tempests. 

139. The sublimity of sea-storms, united to the threatened danger, 
leads to an over-estimate of the magnitude of the waves, which appear 
to rise " mountain-high," as they are said to do. There is, however, 
reason to believe that the highest waves off the Cape of Good Hope 
do not exceed the height of forty feet from the trough of the wave 
to its crown. 

140. Waves are short and abrupt in shallow seas, and are regarded 
as more dangerous than the long rolling billows of the wide ocean.* 

141. T?ie force of waves, when breaking against an obstacle, is 
enormous. Their pressure during violent storms has been estimated 
as high as 60001bs. per square foot. The waves breaking against the 
base of the Eddystone Light-house have been known to dash above 
its top to 150 feet above the sea level, and descend like a cataract on 
its summit In the Barbadoes hurricane of 1780, cannon which had 
been long sunk, were washed far up on shore, and found higli and 
4lry on the subsidence of the storm.t 

112. What are ''Ground Swells r' 

This name has been given by mariners to a peculiar 
and heavily rolling motion of the sea. It arises generally 
from undulations, transmitted along the upper stratum of 

■% 
* Mrs. Somenrille. f Herach<i\. 
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waters that are the immediate scene of a prevailiog storm^ 
to far distant waters, and which are continued, even in 
the seat of the storm, after the winds and wind-waves^ 
have subsided. In the South Pacific, billows which must 
have travelled 1000 miles against the trade- winds, expend 
their fury on the lee side of the many coral islands of 
that sea. 

143. These swells are heralds that point out to the 
mariner the distant region where the tempest has howled, 
and not unfrequently they foretell the approach of a storm. 
At the margin of the Polar ice, in addition to other dan- 
gers, there is generally a pwell which would be veiy for- 
midable to the mariner in thick weather, did not the loud 
grinding noise of the ice warn him of his near approach 
thereto. 

144. IVhat IS the cause of Whirlpools? 

They are produced by opposing currents, and by contranj 
winds and tides. The whirlpool of Maelstrom, on the- 
coast of Norway, is occasioned by the meeting of tidal 
currents round the islands of Lofoden and Moskoe ; it is 
a mile and a half in diameter, and its roaring is heard 
at the distance of several miles. 

145. Into the whirl of waters which here prevails, tvhales^ 
and large fishes have been drawn, and have been unable 
to extricate themselves, and boats and ships have been lost 
in the vortex of its waters. For six hours this whirlpool 
draws into its gulf everything that comes within its in- 
fluence, and the next six hours casts up the fragments 
of the wrecks it has made. 

146. What is the cause of Water-spouts? 

They are created by whirlwinds, which are themselves- 
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produced by two violent currents of wind striking each 
other obliquely. Sometimes those water-spouts are as 
much as two hundred feet in diameter; but such large 
ones are very rare. 

147. These spouts frequently occur {luring the changing of the 
monsoons. At these seasons there are thunder- storms day and night. 
The clouds are in continual movement, and the darkened air, laden 
with vapour, flies in all directions through the skies. The combat 
which the clouds seem to court and to dread appears to make them 
more thirsty than ever. They resort to* extraordinary means to refresh 
themselves : in tunnel form, when time and opportunity fail to allow 
them to quench their thirst from the suri'ounding atmosphere in the 
usual manner, they descend near the surface of the sea, and appear 
to lap the water directly up with their black mouths. Water-spouts 
thus created are often seen, especially among small groups of islands, 
which appear to facilitate their formation. Water-spouts are not 
always accompanied by strong winds ; frequently more than one are 
seen at a time, whereupon the clouds whence they proceed disperse 
in various directions, and, the ends of the water-spouts bending over, 
Anally causes them to break in the middle, although the water, whic!i 
is now seen foaming around their base, has suffered little or no move- 
ment. The height of the spouts is usually somewhat less than 20 J 
yards, and their diameter not more than twenty feet, yet they are often 
taller and thicker. They seldom last longer than five minutes. As 
they are going away the bulbous tube, which is as palpable as that 
•of a thermometer, becomes broader at the base, and little clouds, liko 
steam fi*om the pipe of a locomotive, are continually thrown off from 
the circumference of the spout ; gradually the water is released, an I 
the cloud whence the spout came again closes its mouth.* 

148. What are Coral Islands and Reefs f 

They are produced by singular organisms which secrets 
from the sea water the stony matter with which they 
form their dwellings, in continuous rocky masses, per- 
forated according to regular patterns and known by the 
came of coral. In appearance the animals are like oblong 

* Lient. Jansen. 
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bags of jelly, closed at one end, but having the other 
open, and surrounded by thread-like mouths or suckers 

(tentacles), usually six or 
eight, bordering the central 
body, like the rays of a star. 

149. As soon as a reef has reached 
such a height that it remains almost 
diy at low water, the corals leave 
off building higher. Sea-shelly fragments of coral, and the various 
washings of the sea, are united by the burning sun, cemented by the 
calcareous sand, which accumulates from the pulverisation of the shells, 
into one mass, which, strengthened by the continual throwing up of 
new materials, gradually increases in thickness, till at last it becomes 
80 high that it is covered only during some seasons of the year by the 
spring tides. 

1^0. The heat of the sun so penetrates the mass of stone when 
it is dry, that it splits in many places, and breaks off in flakes. 
These flakes are raised one upon another by the waves at the time 
of high water. The surf throws up large blocks of coral, and shells 
of marine animals, between and upon the foundation of the stones. 
After this the sand lies undisturbed, and offers to the seeds of trees 
and plants cast upon it by the waves a soil upon which they rapidly 
grow. 

1.'>1. Trunks of trees, which are borne by rivers from other countries, 
find here at length a resting-place after their long wanderings ; with 
these come some small animals, such as lizards and insects^ as the 
first inhabitants. Even before the trees form a wood, sea birds nestle 
there, and strayed land birds take refuge in the scanty shrubs. 

152. Thus are new islands formed, Man finds his way to them, 
tempted either by a love of discovery, or driven upon their shores 
by tempestuous storms. The coral formations are chiefly confined 
to the Indian and Pacific Oceans, between the parallels of 30° north 
and south. The Arabian and Persian Gulfs, and the Red Sea, are 
full of them, and between the coasts of Madagascar and Malabar 
tlie whole ocean may be considered as a gi'eat coral sea. 
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153. Whi/ IS it believed that many of the Atolls in the 
Indian and Pacific Oceans have Submarine Volcanoes for 
their Foundations? 

Because the coral- forming animals live and work only 
within very moderate limits of depth, not exceeding ninety 
fathoms. Their tendency is to found their habitations 
upon every summit rising from deep water, and to form, 
upon sunken rocks, circular basins or lagunes, called atolls. 
On the outside of each circle or atoll the reefs of coral 
extend to a distance of two or three miles, beyond which 
there are immense depths of water, which cannot be 
sounded. 

154. How do Shell-forming Animals assist the Circulation 
of the Ocean ? 

The better to comprehend how such creatures may 
influence currents of the sea, let us suppose that every part 
of the ocean is perfectly at rest. In this state of things 
— the waters being in a state of perfect equilibrium — we 
will suppose that a single mollusc or coralline commences 
his secretions, and abstracts from the water solid matter 
for his cell. In that act this animal has destroyed the 
pre-existing equilibrium, for the specific gravity of that 
portion of water from which this solid matter has been 
abstracted is altered. 

155. Having lost a portion of its solid constituents, 
and become lighter than it was before, it gives place to 
the pressure which the heavier water exerts to push it 
aside, and to occupy its place, and it must, consequently, 
travel about and mingle with the waters of the other 
parts of the ocean until its proportion of solid matter is 
returned to it, and until it attains the exact degree of 
specific gravity due to sea water generally. 
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*'Thcy shall not hurt nor destroy In all my holy mountains; for the earth shall 
be fhll of the knowledge of tlie Lord, as tlie waters cover the sea."— Isaiah zL 



150. The sea breeze plays upon the surface ; it converts only fresh 
water into vapour, and leaves the solid matter behind. The surface 
water becomes specifically heavier and sinks. On the other hand 
the molluscous animal at the bottom as he works upon his bi-valve 
shell, abstracts from the water there a portion of its solid contents ; 
it therefore becomes specifically lighter, and up it goes, ascending 
to the top with increased velocity, to take the place of the descending 
column, which by the action of the winds has been sent down loaded 
with fresh food, and materials for the busy little mason in the depths 
below. These movements are also assisted by the respiration and 
movements of fishes, and the organic functions of marine plants. 

157. We dive into the liquid crystal of the Indian Ocean, and it 
opens to us the most wondroas enchantments of the fairy tales of 
our childhood's dreams. The strangely- branching thickets bearing 
flowers ; dense masses of MeandHnas and Astreas contrast with the 
leafy cup-shaped expansions of the Bxplanarias, the variously- 
ramified Madrepores, which are now spread out like fingers, now 
rise in trunk-like limbs, and now display the most elegant array of 
interlacing branches. The colouring surpasses everything: vivid 
green alternates with brown and yellowy rich tints of purple, from 
pale red to deepest blue. Brilliant rosy, yellow, or peach-coloured 
Nullipores over-grow the decaying masses, and are themselves inter- 
woven with the pearl-coloured plates of the Retipores, resembling 
the most delicate ivory carvings. Close by wave the yellow and 
lilac fans, perforated like trellis-work, of the Grorgonias. The clear 
sand of the bottom is covered with the thousand strange forms and 
tents of sea-urchins and star-fishes. The leaf-like Hustras and 
JEscJiaras adhere like mosses and lichens to the branches of the 
corals ; the yellow, green, and purple-striped Limpets cling like mon- 
strous cochineal insects to their trunks. Like gigantic cactus blossoms 
sparkling in the most ardent colours, the Sea anemones expand their 
crowns of tentacles upon the broken rocks, or more modestly embellish 
the flat bottom, looking like beds of variegated ranunculuses. 
Around the blossoms of the coral shrubs play the humming-birds 
of the ocean, little fish sparkling with red or blue metallic glitter, 
or gleaming in golden green, or in the brightest silvery lustre.* 

* Schleidcn's Lectures. 
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** The clouds poured ont water : the skies sent out a sound : thhie arrows also 
went abroad." — Fsauc Ixxrii. 



THE ATMOSPHERE. 




Lnagmary view of the Earth, surrounded by Atmosphere, and Clouds of the varion* 
formaUons. But the Earth is here reduced to a very small size, to cive \Jh^I 
effect to the surrounding Atmosphere. *«=,«» give oetter 

158. What is meant by the " Circulation of the Atmosphere?'^ 

It is this — ^that in the atmosphere which surrounds and 
envelopes the earth, as in the ocean which lies u^jow Vi.'s* 
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*'He maketh the storm a calm, so that the wares thereof are stilL** 
FsAui cvii. 



surface, there are regular currents, fulfilling an appointed 
plan of circulation, 

159. From the parallel of about 30^ north and south, nearly to the 
equator, there extend entirely around the earth two zones of perpetual 
winds, viz., the zones of the north'east and the south-east trades. 
With slight interruptions they blow perpetually, and are steady and 
constant, always moving in the same direction, except when they 
are turned aside by a desert here and there, to blow as monsoons, 
or as land and sea breezes. As these two main currents of air are 
constantly moving from the Poles towards the Equator, we are safe 
In assuming that the air which they keep in motion m,ust return 
by some channel to the place toward the Poles, whence it comes in 
order to supply the trades. If this were not so, these winds would 
soon exhaust the Polar regions of atmosphere and then cease to blow. 

160. Wliy is it believed that the Return Currents pass 
through the Upper Regions of the Atmosphere ? 

Because the trade winds are continually blowing on the 
surface. The return current must necessarily move in a 
direction opposite to that wind the place of which it is 
intended to supply ; and it is naturally concluded that the 
return takes place through the upper regions. 

161. Why IS it supposed that there is a Crossing of the 
Winds at the Calm-belts? 

Because of the uniformity of the constituents of the atmo- 
sphere in all parts of the world ; and because, also, of the 
great amount of rain which is thrown down upon the lands 
of the north, which it seems clearly proved must, to a 
great extent, be derived from the seas of the south. 

162. Lieutenant Maury contends for an actual circulation 
of the winds from the Arctic to the Antarctic Circles — that 
the same wind which at one time sets out from the Polar 
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** Terrora are turned upon me : they panne my soul as the wind : and my 
welfiure passeth away as a dond."— Job zxx. 



regions of the north, at some time or other reaches the Polar 
regions of the south. 

163. That such a grand operation is within the scheme 
of the Creative Power there can be no question ; but an 
equally great conception, with a more probable reality, 
is to be derived from regarding the great calm-belts as 
grand troughs into which the atmospheric streams from north 
and south are poured and intermixed. Or as three great 
hostelries, where the vapour and electric carriers of the 
air, meet, rest, and exchange their hurdens, thus equalizing 
the atmospheric constituents, and keeping up a circulation 
through exchange and intermixture, 

164. What causes the Trade Winds? 

The heat of the torrid zone, by rarefying the air over 
that region, causes it to rise, when the colder air of the 
temperate zones rushes towards the Equator to supply its 
place ; but as the colder cun^ents of air come from regions 
where the rotatory motion of the eartKs surface is much 
slower than it is at the Equator, and as they do not at once 
acquire the greater velocity peculiar to the Equatorial 
region, their direction is relatively modified, and they become 
north-east and south-east winds. 

165. The earth, we know, moves on its axis from west to cast. 
Now, if we Imagine a particle of atmosphere at the North Pole, where 
it was once at rest, to be pnt in motion in a straight line towards 
the Equator, we can imagine that this particle of air, coming from 
the very axis of diurnal rotation, where it did not partake of the 
diurnal motion of the earth, would, in consequence of its vis inertus, 
find, as it travels south, the earth slipping under it, as it were, and 
thus it would appear to be coming from the north-east, and going 
toward the south-west; in other words, it would be a north-east 
wind. 

166. On the other hand, we can perceive how a like particle of 
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**Thy mercy, O Lord, is in the lieayens, and thjr fiuthfolncss reacheth nnto the 
clouds."— rs.vui xxxvL 



atmosphere, that starts from the Equator to take the place of the 
other at the Pole, would, as it travels north, be going toward the 
east faster than the earth. It would, therefore, appear to be blowing 
from the south'Westy and going toward the north-east, and exactly 
in the opposite direction to the other. 

167. Wliy is the Bmindary of the Trade Winds about 
three or four degrees to the North of the Equator f 

Because, owiDg to the greater proportion of land in the 
northern hemisphere, it is warmer than the southern, and 
hence the limit or boundary between the two winds, pro- 
ceeding from the north and south, is situated to the north 
of the equator. 

168. WIiT/ are the Trade Winds accompanied by peculiar 
Clouds ? 

Because the vapour of the upper current of air becomes 
condensed, and again evaporates as it descends into the 
lower and dry current from the Poles, — the constancy 
and rapidity of this actioD, giving a peculiar appearance 
to the vapour. 

169. What is the cause of " 3Ionsoons ?*' 
Monsoons are a modification of the trade winds, occa- 
sioned by the interposition of the Asiatic continent to tho 
north, the rarefied atmosphere of Africa on the west, the 
partial openings among the islands which separate the 
Indian Ocean from the Pacific, and the position of the sun 
in the different seasons. The south-west monsoon is 
violent and accompanied by rain ; the north-east is gentle 
and diy. 

170. The monsoons blow for about five months from the 
north-east and north-west, and ^ve months from tho south- 
east and south-west. The change from one period to the 
other is marked by violent storms and hurricanes. 
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'* Behold, a whirlwind of the Lord is gone forth in funr, even a grievous wliirl- 
whid ; it shall fall grievously upon the liead of the wicked."— Jebexiah xxiii. 



171. When, at stated periods of the year, a trade wind is deflected, or 
turned aside from its regular course, being drawn in by over- heated 
districts, or otherwise, it is regarded as a monsoon. Thus, the Afiican 
monsoons of the Gulf of Mexico, and the Central American monsoons 
of the Pacific, are, for the most part formed of the trade winds, which 
are turned back to restore the equilibrium which the over- heated plains 
of Africa, Utah, Texas, and New Mexico have disturbed. The influ- 
ence of these heated plains upon the winds is felt at sea for a thousand 
miles or more. The deserts of Aralna affect the winds of Europe, 

172. Will/ do Thunderstorms Accompany the Changing of 
the Monsoons? 

Because in every great atmospheric change the equi- 
Uhrium of electricity is disturbed.* This wonderful and 
mysterious agent, driven out of its natural channels, in 
which it has been performing silently and unobserved the 
mysterious task appointed to it, now displays itself with 
the most dazzling majesty. 

173. What causes Wliirlwinds, Tornadoes, Typhoons, (J-c. ? 

They arise from the meeting of powerful and opposing 
currents of air, producing a circular motion. Whirlwinds 
cause waterspouts, and tornadoes or typhoons give rise to 
circular storms of greater breadth than whirlwinds. They 
occur principally in the regions of the Antilles, or the 
West Indies, in the Indian Ocean, between Australia and 
Africa, and in the Pacific, along the coasts of China and 
Siam. 

174. What is the cause of the ^^ Regions of Calms ?^^ 
On approaching the Equator the winds become gradually 

heated, and acquire an ascending direction, so that their 
horizontal movement is no longer felt. The upward cur- 

• See "Reason Why— General Sdcuco. 
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** He found him in a desert land, and in the waste howling wilderness ; he led 
him about, he instructed him, he kept him as the apple of his eye."— Dect. xxxii. 



rent of air occurs for a space of about 6^ wide, and this is 
called the " region of calms." 

175. Bat there are other calm regions besides that of the Equator. 
A calm region prevails at each of the Poles ; the air, setting off from 
the Polar regions (for some reason which does not appear to have been 
very satisfactorily explained), instead of travelling on the surface all 
the way, travels in the upper regions until it gets near the parallel of 
30°. Here it meets, also in the lofty regions, atmosphere that is 
coming from the Equator and going north. These two bodies of air, 
pressing together with the whole amount of their motive power, pro- 
duce a calm. From tliis latitude of calms (called the Calms of 
Cancer) two surface currents of wind are ejected, one towards the 
Equator, or the north-east trades, the other towards the Pole, or the 
south'icest passage winds, 

176. At the Equatorial place of meeting there is another conflict of 
winds, and another calm region (called the Equatorial Calms). 
Here, warmed by the heat of the sun, and pressed on each side by the 
force of the north-east and south-east trades, the air ascends, a portion 
of it returning towards the Calms of Cancer j while another portion 
moves towards the South Pole, in a line counter to the south-east 
trades, until it meets near the parallel 30° south, the atmosphere 
moving from the South Pole ; and here again results a state of calm 
(called the Calms of Capricorn). 

177. What is the difference between the Atmospheric action 
in the Equatorial Calm-belt and the Calms of Cancer and 
Caprico7m f 

In the Equatorial region, the air which is brought to the 
calm-belt by the north-east and south-east trades ascends ; 
the two currents flow in at the bottom, and occasion two 
currents to flow out at the top. But in the currents of 
Cancer and Capricorn the currents flow in at the top and 
out at the bottom, 

178. What effect have Deserts upon the Circulation of the 
Winds? 

By becoming heated centres, and giving a high degree 
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"The wind goeth towards the sonth, and turneth about unto the north; it 
whirleth about coudnually, and the wind retorneth again according to his circuits." — 

£CCL£SIAST£S i. 



of rarefaction to large volumes of atmosphere, they cause 
the air to rush towards them, deflect the trade winds, and 




Diagram of tlie Circulation of the Atmosphere, indicating tlie Five Calm Rcgiops, 
and the direction of the Surface Currents. Tlie arrows across tlie Calm Regions 
nre designed to illustrate the Crossing or Mingling of Currents throughout those 
Belts. 

give rise to monsoons. The Desert of Cobi, and the arid 
wastes of Asia, cause the south-west monsoons of the 
Indian Ocean. 

179. When the sun is north of the Equator, the force of his rays upon 
these wide and thirsty plains is such as to cause t\vft n«j&^ ^^x\v«r«it\«a:- 
bent body of air to expand and ascend. CoTi%equ«ii>i\^ , VXict^ \& «ol 



54 THE REASON WEY 



** come, let us sing unto the Lord, let ns make a Joyful noise to the rock 
of our salvation." — Psalu xcv. 



indraught of air from the surrounding regions to supply the ascending 
columns. The air that is going to feed the north-east trades is thus 
arrested, drawn in, heated, and caused to ascend ; and thus the north- 
east trade winds are first weakened, then "killed," and afterwards 
drawn into the vortex of ascending air oyer the burning sands of the 
deserts. On the other hand, the south-east trade winds are drawn 
over into the northern hemisphere. Going now from the Equator 
towards the Poles, their tendency is to obey the forces of diurnal 
rotation, as well as the indraught for the heated plains; and thus the 
south-east trades become south-west monsoons, 

180. What is the cause of Land and Sea Breezes? 

They arise from difference in the density of the air 
over the land, by the alternate presence and absence of the 
sun. Generally, the breeze from the sea begins to be felt 
a few hours after the sun has risen ; and, after sunset the 
4iir of the land, condensed by the diminution of tempera- 
ture, rushes towards the sea. 

181. When a fire is first kindled on a hearth, we may, if we observe 
the particles of dust floating in the room, see that those nearest the 
chimney are the first to feel the draught and to obey it — they are 
<lrawi¥ into the blaze. The circle of in- flowing air is gradually en- 
larged, until it is scarcely perceived in the remote parts of the room. 
Now, the land is the hearth, the rays of the sun the fire, and the sea, 
with its cool and calm air, the room, and the air moving towards the 
fire is the sea-breeze. When the sun goes down the fire ceases; 
then the land begins to cool, until it falls below the temperature of 
the air over the sea. The atmosphere on the land thus becomes 
heavier than that on the sea, and consequently there is a brisk sea- 
wind, which is called the Land-breeze, 

182. Why do Land and Sea Breezes prevail more in some 
parts than in others? 

Because it is easier to obstruct and turn back the 
cun-ent in a sluggish than in a rapid stream. So, also, in 
turning a current of air first upon the land, and then upon 
the sea. Very slight alterations of temperature would 
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** The north vrind drireth away rain ; so doth an angry oonntenance a backbiting 

tOngne."— PB0YEBB8 xxv. 



suffice for this on the west .coast of Africa, in and about 
the Equatorial cahns; there the air is 'in a state of rest, and 
will obey the slightest call in any direction — not so in 
regions where the trade winds blow over the land, and are 
strong. 

183. What other sources of Heat and Cold are there tchkh 
promote movements in the Air and Ocean? 

Wherever the condensation of vapour into water, or the 
congelation of water into ice, takes place, latent heat* is set 
free. Thus, the heat which is liberated by the condensation 
of vapour in the regions of calm, and that which is set free 
by the production of ice in the Arctic and Antarctic Seas, 
exerts a force upon the winds that proceed from those 
regions. 

184. And when rains or frosts ai^e local, winds which aifect 
the adjacent districts are produced. Every rain-drop that 
falls evolves heat enough, in the process of its condensa- 
tion, to raise by one degree the temperature of one thousand 
and thirty rain-drops. 

185. What gives Character to the various Winds? 
They generally derive their characteristics from the 

surfaces over which they blow. Winds blowing across 
snow-crowned mountains, like the Alps, are cold, while 
those blowing over dry and arid plains are hot and dry. 
In England a south-west or west wind, which has crossed 
the Atlantic Ocean from warmer regions, is generally mild, 
with frequent rains ; while an easterly wind, which has 
crossed the continent of Europe, is dry ; and if from the 
north-east is cold and piercing, from coming over the frozen 
regions of Lapland and Northern Russia. 

• See "Beason Why— General Science ." 
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"He vatereth the hills from His chambers; the earth is satisfied with the 
fruit of Thy works."— Psalm civ. 



186. Why do Chisty Winds usually accompany Ilail-stoims f 

Because congelation takes place so immediately after con^ 
densation that the degree of heat evolved is greater and 
more suddenly produced than by a slower process. The 
change is at once from vapour to frost, causing the whole 
measure of latent heat of vapour and water to be suddenly 
thrown out. The surrounding air therefore has its tem- 
perature suddenly raised, and winds arise, not in steady 
currents, but in unequal gusts. 

187. How are the ^^ Rainy Seasons^* caused. 

The calm and trade-wind regions or belts move across 
the earth annually in latitude nearly a thousand miles. In 
July and August the zone of Equatorial calms is found 
between 7® and 12^ north, sometimes higher; in March and 
April, between latitude 5° south and 2^ north. 

188. It is thus easy to perceive why it is that there 
prevail a rainy season in Oregon, a rainy and a dry season 
in California, another at Panama, &c. 

189. Why do Heavy Rains prevail in the Equatorial 
Calm Regions? 

Because, where the north-east and south-east trades 
meet, they are heavily laden with moisture from having 
travelled over a large space of the ocean. Here the winds 
ascend and become cooler, and the vapours which they 
contain, becoming condensed, are precipitated as rain. 

190. What is the principal Region of Evaporation? 
Evaporation occurs on every part of the earth's surface 

where water in large or small bodies may be found ; and 
such is the force of this all important law of nature that 
even snow and blocks of ice will evaporate without melting^ 
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" Behold He withholdeth the waters, and they dry up ; also He aendeth them 
out, and they overturn the earth."— -Job xii. 



and disappear. But the cliief amount of atmospheric vapour 
is taken up at the torrid zone. 

191. To evaporate water enough annually to coyer the earth on an 
average five feet deep with rain ; to transport this moisture from one 
zone to another, and to precipitate it in the right places, at suitable 
times^ and in the proportions due, is one of the offices of the grand 
atmospherical machine. Supposing all the rain-vapour were derived 
from the torrid zone, we should have, encircling the earth, a belt of 
ocean three miles in breadth, from which the superincumbent atmo- 
sphere evaporates a layer of water annually sixteen feet in depth. And 
to hoist up as high as the clouds, and to lower down again, all the water 
in a lake sixteen feet deep, three thousand miles broad, and twenty- 
four thousand long, is the work of invigihle machinery ! 

192. Whence comes the Vapour that feeds the Rivers of 
the Northern Hemisphere ? 

In the northern hemisphere the land and water are 
nearly equally divided. In the southern there is several 
times more water than land. All the great rivers of the 
world are in the northern hemisphere, where there is less 
ocean to supply them, yet the total amount of rain which 
falls in the northern hemisphere is much greater than that 
which falls in the southern. 

193. Late in the autumn of the north, throughout its 
winter, and in early spring, the sun is pouring his rays 
with the greatest intensity down upon the seas of the 
southern hemisphere, and this powerful engine raises 
waters there for our rivers with the greatest activity, 

194. The heat which this heavy evaporation absorbs becomes latent, 
and, with the moisture, is carried through the upper regions of the 
atmosphere until it reaches our climates. Here the vapour is formed 
into clouds, condensed, and precipitated. The heat which held this 
water in the state of vapour is set free ; it becomes sensible heat, and it 
is that which contributes so much to temper our winter climate. It 
clouds in winter, turns warm, and we say we are going to have falling 
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" The foantains also of the deep and the windows of heaven were stopped, 
and the rain from heaven was restrained." — Genesis viii. 



weather. That is because the process of condensation has already 
commenced, though no rain or snow may have fallen : thus we feel this 
fionthem heat, that has been collected from the rays of the sun by the 
sea, been bottled awi^ by the winds in the clouds of a southern summer, 
and set free in the process of condensation in our northern winter. 

195. Why are there ^^ Rainless Regions f^^ 

Because heated columns of air, eveiywhere ascending, 
dissolve vapours, and disperse every approaching cloud. 
Because, also, in some countries mountain ranges condense 
the clouds, and deprive them of their moisture, before 
they reach the arid districts.* 

196. The coast of Peru is within the region of perpetual south-east 
trade winds. Though the Peruvian shores are on the verge of the great 
South Sea border, yet it never rains there. The reason is, that these 
winds in the Atlantic Ocean first strike the water on the coast of Africa. 
Travelling to the north-west, they blow obliquely across the ocean until 
they reach the coast of Brazil. By this time they are heavily laden 
with vapour, which they continue to bear along across the continent, 
depositing it as they go, and supplying with it the sources of the Rio 
de la Plata, and the southern tributaries of the Amazon. Finally, they 
reach the snow-capped Andes, .and here is wrung from them the last 
particle of moisture which the very low temperature can extract. 
Reaching the summit of that range, they now tumble down as cool and 
dry winds on the Pacific slopes beyond. They reach the ocean before 
they again become charged with iresh vapour, and before, therefore, 
they have any which the Peruvian climate can extract. 

197. The other rainless, or almost rainless regions, are the western 
coasts of Mexico, the deserts of Afirica, Asia, North Ameiica, and 
Australia. A rainless region prevails about the Red Sea, because it for 
the most part lies within the north-east trade-wind region, and these 
winds, when they reach that region, are dry winds, for they have as yet, 
in their course, crossed no wide sheets of water from which they 
could take up a supply of vapour. 

* Humboldt. 
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" They are wet with tlie showers of the mountains, and embrace the rock for 
want of shelter."— Job xxiv. 



198. What are the vmble effects of Sufficient or Deficient 
Evaporation and Main? 

Ill the sheets of water, which are distributed over 
every inhabitable inland basin, we see reservoirs and eva- 
porating surfaces sufficient for the supply of that degree 
of moisture which is best adapted to the well-being of 
the plants and animals that people such basins. 

199. In other parts of the earth we find places, as 
the Desert of Sahara, in which neither evaporation nor 
precipitation takes place, and in which is to be found 
neither man nor animal. 

200. And in others, where the humidity would other- 
wise be in excess, it is drained off by magnificent river 
cisterns, which vary and beautify the landscape, allowing 
as much moisture to remain as is suitable to the wants 
of the animals and plants that occupy the area of 
country drained by the river basin. 

201. Wlvj are Mountains Beneficial to countries? 
They intercept the clouds, and cause them to distil 

and pour down refreshing 

showers ; they detain snow — ^^-^^"i^jt ^^S 
and ice until the ap- 
proach of warmth, and 
therefore, they form the 
reservoirs of the chief 
rivers in the world. 
They protect many val- 
leys from cold and tem- 
pestuous winds, and form 
natural boundaries and 
fortifications to nations. 




\ 
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"The mountains »aw Thee, and they trembled; the overflowing of the water 
passed by ; the deep uttered his voice, and lifted up his hands on high."— IIab akkuk iii. 



202. But the little hills, the gentle slopes^ the smiling valieys so 
beautifully noticed in the Psalms, and Tvhich abound in our own 
country, may be said to ornament the landscape ; they give a cha- 
racter and an interest to every scene; and from their gushing 
sides issue many a little rill and sparkling fountain which the 
plains very seldom supply. And it is owing to this constant inequality 
of the surface, tilting often insensibly this way or that, that we are 
enabled to get our lands aud dwellings drained and purified. With- 
out this arrangement, every shower would incommode us, and we 
should have stagnant water eveiywhere. 

203. The loftiest mountains in the world are very inconsiderable 
compared to the size of the globe — scarcely observable indeed. Yet 
if it were possible to transport the highest of the Himalaya Moun- 
tains hither, we should tremble lest it might depress our island 
below the level of the ocean. The summit of such a mountain, 
standing in the middle of our island, would be visible from sea to 
sea. The loftiest mountains are no more than the roughnesses 
on the coat of an orange, compared to the size of the globe.* 

204. Wilt/ has evert/ considerable Mountain a Dry and a 
Rainy Side'? 

All considerable mountains which lie athwart the 
course of winds have a dry and a rainy side, according 
to the latitudes from which the winds blow. But in some 
instances each side of a mountain is made alternately 
the wet and the dry side, by changes in the prevailing 
direction of the wind. 

205. What effects have Islands upon Winds? 

Islands which stand away from any large extent of 
land have a very singular but marked effect upon 
the wind. They frequently interfere with the trade 
winds, and turn them back, or draw off broad streams of 
air from them. This arises from the difference in the 
temperature between the surfaces of the land and the sea. 

• JefTerys Taylor. 
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" When He established the doads above: when lie strengthened the fountains 
of the deep.*'— Proverbs, vilL 




206. Why do Clouds serve to Indicate the Position of 
Islands ? 

Because the hills attract and condense clouds, and thus, 
long before the island? 
themselves become visible, 
navigators in the Pacific 
are made aware of their 
proximity to islands, and 
may take their bearings by 
the compass, precisely as 
those of a high mountain 
or a soliatry peak. 

207. Every navigator who 
has, cruised in those parts of 
the ocean has often turned with wonder and delight to admire the 
gorgeous piles of cumulous clouds,* heaped in the most delicate and ex- 
quisitely beautiful masses that it is possible for fleecy matter to assume* 
Not only are these piles found capping the hills among the islands? 
but they are often seen to overhang the lowest islet of the tropics, 
and even to stand above coral patches and hidden reefs, ^'a cloud 
by day " to serve as a beacon to the lonely mariner out at sea, and 
to warn him of shoals and dangers which no lead nor seaman's 
eye has ever seen or sounded. 

208. Wlij/ do the Clouds which gather over Newly-formed 
Islands tend to render them Inhabitable? 

Because, by screening the new earth from the too 
powerful action of the sun, and by frequent showers of 
fresh water, they prepare these new centres of life for 
vegetation and animal existences. 

209. Clouds may be likened to a sponge of the most exquisite 
and delicate texture, which at intervals becomes saturated with 
moisture, and the cooler temperature of elevated currents to the 



• See "Reason Why -General Science.*^ 
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**With clonds He covereth the li;irht; and commandeth it not to slilne by the 
dead that cometh betwixt."— Job xxxvi. 



hand that squeezes the sponge, causing the clouds to '' drop their 
fatness." 

210. Wh7/ are Mists frequently met vnth over Shoals ? 

From the influence of the cooled water in condensing^ 
the vapour of the atmosphere. Humboldt observed such 
mists to the south of Jamaica and in the Pacific, showing^ 
the outline of the sboals beneath them so well defined 
as to be distinctly recognised from a distance ; thus 
forming to the eye aerial images reflecting the form of 
the bottom of the ocean. 

211. Wilt/ are ^' Bed Fogs ^' frequently encountered at sea, 
especially in the vicinity of the Cape de Verd Islands ? 

These "fogs" are, in fact, dust showers. What they 
precipitate in the Mediterranean is called "sirocco dust,'* 
and in other parts " African dust/' because the winds which 
accompany them were supposed to come from the Sirocco 
Desert, or some other parched land of the continent of 
Africa. 

212. But the dust, upon being subjected to microscopic 
examination, has been found to consist of infusoria, and 
organisms found not in Africa, but in South America, and in 
the South-east trade- wind region. It is of a brick-red 
or cinnamon colour, and sometimes comes down in such 
quantities as to cover the sails and rigging, though the 
vessel may be hundreds of miles from the land. 

213. Professor Ehrenberg has examined specimens of " sea dust *' 
from the Cape de Verds, and the regions thereabouts, from Malta, 
Genoa, Lyons, and the Tyrol ; and he has found a similarity among 
them as striking as it would have heen had these specimens been 
all taken from the same pile. South American forms are the prevailing 
ones in every specimen he has examined. It may from these facts be 
regarded as established, that there is a perpetual upper current of air 
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"For He saith to the snow, Be thou on the earth; likewise to the small rain, 
and to the great rain of His strength.— Job zzxvii. 



Jrom South America to North Africa. In the present state of our 
information we cannot tell why this '^ rain-dust" should not be 
gradually precipitated from this upper current, and descend into the 
stratum of trade-winds, as it passes from the Equator to higher 
northern latitudes ; neither can we tell why the vapour which the same 
winds carry along should not in like manner be precipitated on the 
way. But we establish a most material point — that the currents in the 
uppei* regions of tlie atmosphere are remarkable for their force, 
extent, and regularity, 

114. What is meant hy the ''Snow4ine?" 

The height at which snow lies is the snow-line of any 
latitude. Temperature varies not only with the latitudes of 
places, but more or less 
with their elevation above 
the surface of the sea. 
Thus, an elevation of 
tUirty fathoms causes the 
same variation as a re- 
moval of one degree from 
the Equator towards the 
Poles. In the ascent from 
tfie plain we experience 
the influence of every 
variety of climaie aud pass through every degree of 
vegetation, that would, occur in our progress towards 
either Pole. 

215. Wliy is the Snow-line Highest at twenty degrees 
from the Equator? 

Because at the Equator the sun is never more than twelve 
hours above the horizon; whereas near* the tropics the 
longest days are thirteen hours and a half in duration, and 
the summer heat is greater than at ihe Equator, 
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** As snow in summer, and as rain in harvest, so honour is not seemly for a fooL** 
— Pbovekbs XXYi. 



216 TABLE OP THE " SNOW-LINE.' 

Latitude. Mountain Eleyation. 

0« 16,000 feet 

10 16,500 „ 

20 17,000 „ 

30 14,000 „ 

40 10,000 „ 

50 6,000 „ 

60 5,000 „ 

70 1,000 „ 

80 „ 

297. We know only the lower and not the upper limit 
of perpetual snow, for the highest mountains of the earth 
are far from attaining to those strata of highly rarefied 
and excessively dry air, concerning which we may suppose 
that they no longer contain vapour capable of being con- 
verted into crystals of snow, and of thus becoming visible. 
The phenomenon of the snow-line is a very complicated 
one, depending generally on relations of temperature and 
moisture, and on the peculiar shape of the mountains, the 
direction of the prevailing winds, and whether they have 
blown over sea or land, &c. 

218. Why does an Elevated Table Xand, adjacent to a 
Mountain, Eaise the Snow-line? 

Because the table land receives heat from the sun, and '. 
radiates it into the atmosphere. The mountain participates . 
in this increase of temperature at a considerable elevation, 
and hence the snow-line of the mountain is raised. 

219. An effect very similar to this may be observed in our dwell- 
ing^. If the windows of our apartments are situated near to the 
ground, we may, in sunny weather, perceiye that the temperature 
of our rooms is increased by the reflection of the sun's rays from 
the ground, especially if they fall on a stone pavement. If we ascend 
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into our upper apartments, we shall find the reflection from the stone 
payement — partly owing to the greater distance, and partly to the 
different angle or direction from the ground to tbe upper window — 
will be far less intense, and will communicate little or no heat to 
the upper rooms. Should, howeyer, a balcony extend in front of the 
upper windows, this will form no bad representation of a table land 
adjoining a mountain, and will, by reflecting the sun's rays directly 
into the rooms, eleyate their temperature.* 

220. Whi/ do the Himalaya Mountains exhibit Diversities 
of Temperature on their Opposite Sides? 

Because they are affected oii one side by an elevated 
table land. On the southern side of this great mountain 
range, in latitude 30^, the snow-line commences at the 
elevation of about 12,500 or 13,000 feet above the level 
of the sea; whilst on the northern side, where from the 
aspect a greater degree of cold might be anticipated, the 
snow-line in some parts attains the extreme height of 
nearly 20,000 feet above the sea. 

221. This is because the northern declivity of the 
mountain mass terminates in the vast and elevated plains 
of Thibet, the surface of which is about 15,000 feet above 
the level of the sea; whilst on the southern side the 
mountains rise directly to a great elevation, from a flat 
country, scarcely 1000 feet above the sea. 



222. In considering the general laws which goyem the physical 
agents of the uniyerse, and reg^ate them in the due performance 
of their offices, we are everywhere met with evidences of the complete- 
ness of the system of natural adaptation. If the earth, air, and 
water had not been in exact counterpoise, the whole arrangement 
of the animal and vegetable kingdoms must have varied from their 
present state. 

• Zomlin'8 *'Beereations in Bbysical Oeographj.** 



66 THE REASON WHY 



*'And of Joieph he said, blessed of the Lord be his land, for the predont 
things of heaven, for the dew, and for the deep that coucheth beneath."— 

DcOTtBOMOMT XXXUL 



d28. God, for reasons which man may neyer comprehend, chose 
to make those kingdoms what they are; for this purpose it was 
necessary, in his Judgment, to establish proportions between the land 
and water, and the descent, just as they are, and to make the capacity 
of the air to circulate heat and moisture just what it is, and make 
it do all its work in obedience to law, and in subservience to order. 

224. If this were not so, why was power given to the winds to 
lift up and transport moisture, and to feed the plants with nourish- 
ment ? or why was the property given to the sea, by which its waters 
may become first vapour, and then fruitful showers or gentle dewsf 

225. Or why was it ordained that, in taking up vapour from the ' 
«ea, the atmosphere should leave every particle of salt and other 
solid matter behind, and transport over the land a purely fresh fluid 
to Hqueiy the Juices of plants and animals, and cleanse and invigorate 
the whole face of nature ? Imagine that only for a short season this 
aingle law should be suspended. In a few weeks every vegetable 
would become covered with crystals of salts, their pores would be 
stopped up, their Juices would be absorbed, and nothing but their 
dried woody fibres would remain, and these be covered with crystals, 
just as we see the face of nature on the morning of a hoar frtMt. 
Man and animals of all kinds would die, and the whole face of nature 
bear the aspect of petrifaction ! 

226. If the proportions and properties of land, sea, air, and vapour 
were not ai^usted according to the reciprocal capacities of all to 
perform the functions required by each, why should we be told that 
the Almighty '* measured the waters in the hollow of his hand, and 
•comprehended the dust in a measure, and weighed the mountains 
in scales, and the hills in a balance?" Why did he <<span the 
heavens," but that he might mete out the atmosphere in exact pro- 
portion to all the rest, and impart to it those properties and powers 
^ddch was necessary for it to have, in order that it might perfonr 
all those offices for which He had designed it?* 

* lient. Uaniy. 
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GEOLOGY. 




227. Of what do the Various Substances composing the 
Earth consist? 

Speaking in a geological sense, all tlie substances of 
which we have any knowledge are divided into four 
classes, distinguished by the manner in which they have been 
formed ;— 

228. Plutonic and volcanic rocks, both of Jlert/ origin, 
though produced under different circumstances. 

D 2 
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"He only is mj rock and my salvation; he is my defence; I shall not be 
moved." — Psauc IxU. 



229. Aqueous or stratified rocks, entirely due to the ax^tion 
of water; and 

230. Metamorphtc rocks^ deposited by water, and conse- 
quently stratified, but subsequently altered and crystallized 
by heat. 

231. All mineral substances are termed rocks, whether 
they are soft or stony. The reason for this is, that often 
there is so insensible a passage from a soft and incoherent 
state to that of stone, that it has been found necessary to 
include all the component strata of the earth under one 
term, however much they may differ. 

232. The aqueous and vplcamc rocks were and still are 
formed at or near the earth's surface; the Plutonic and 
metamorphtc at great depths ; but all of them have been 
formed simultaneously through every geological period, 
and are now in a state of slow and constant progress. The 
antagonist principles of fire and water have ever been and 
continue to be the cause of the perpetual changes to which 
the earth's crust is liable. 

233. Why are Plutonic rocks so called? 

The name (derived from Pluto, the fabled god of the 
fiery regions) implies that the rocks of this class were 
formed by the action of fire, at great depths in the earth. 

234. It has been ascertained by observation that the 
Plutonic rocks, consisting of the granites, and some of the 
porphyries, were formed, in the deep and fiery caverns of 
the earth, of melted matter, which crystallized as it slowly 
cooled under enormous pressure, and was then upheaved in 
unstratified masses^ by the elastic force of the internal heat, 
even to tops of the highest mountains, or forced in a semi-fluid 
state into fissures of the superincumbent strata^ sometimes 
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into the cracks of the previously-formed granite ; that rock, 
which constitutes the base of so large a portion of the 
earth's crust, has not been all formed at once ; some portions 
had been solid, while others were yet in a limpid state.* 

235. Many cox^jectores have been formed, and many theories pro- 
pounded, as to the nature and condition of the internal parts of our 
globe. Some have supposed that there is an outer solid film or crust, 
ten or twenty miles thick, enveloping a yast ball of intensely heated 
matter. Others have attempted to show that the interior must be 
nearly solid throughout, with, howeyer, great lakes, or vesicles of gas 
and melted rock, somewhat after the fashion, we may suppose, of the 
oil-holes [n a Gruyere cheese. But whether the heated material occupy 
the whole or only parts of the internal area, is not a matter of much 
importance to the practical geologist; he is content to believe that it 
exists, and in sufficient quantity, too, to produce the most momentous 
changes on the surfiice of the earth. 

236. We see the effects of this subterraneous agent in earthquakes 
and volcanoes; and the geologist can tell us of similar, as well as of 
other changes, effected by it during past ages. Granite hills, and 
mountainous districts of mica'Slate, bear evidence of what is termed 




GRANITE, GNEISS, AND MICA. 

metamorphiam — ^ change in the mineral structure of rocks, believed to 
have taken place through the agency of heat deep in the interior of the 
earth ; for no analogous appearances have been detected in process at 
the surface. 

237. Such rocks known as metamorphiCf or hypogene^ form a 
problem, not likely to be satisfactorily solved until the chemist 

• Mrs. Somerrille. 
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** Say unto God, how terrible art Thon in Thy works ! thnniffh the 
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shall have thoroughly inyestigated the subject; for it seems likely to 
be found that long-continued chemical action, without a very alarming 
degree of heat, may have produced even the most intense metamor* 
phism.* 

238. What evidence have we of the Igneous Formation of 
Granite f 

Blocks of granite are frequently found, in which occur 
irregular fissures or cracks, that have been filled with the 
same minerals, exactly adapted to their shape, and exhibiting 
all the appearances of having flowed into the fissures in a 
state of fusion. 




GRANITIC VEINS IN GRANITE. 



239. Granite rises to the highest elevations, and forms the highest 
pinnacles on our globe, and constitutes, at the same time, the skeleton 
or framework on which most of the other deposits repose. It likewise 
occurs in the state of beds of irregular shape, among strata of gneiss 
and other ancient stratified deposits. It is also met with in veins, 
intruding into rocks of all ages, from those granitic injections which are 

• Goikie*i " story of a Boulder.'* 
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found to penetrate masses of granite older than themselves, up to 
«imilar intrusions into the Secondary and Tertiary strata. Granite Teins 
«re. often found intersected by veins of - granite still newer than 
themselves ; and this rock occasionally occurs as dykes, which are, in 
fact, similar ramifications on a larger scale, the essential difference 
being that the dykes continue for a longer distance, while the veins thin 
•out into filaments. Indeed, every mass of granite which forms the 
central peak of a mountain-chain, is no other than a dyke on an 
enormous scale, which has hurst through the superincumbent strata 
4nd borne them upwards in its elevation. 

240. While granite is supposed to have generally been erupted in a 
Jiuid condition, instances occur in which it has evidently been 
protruded in a solid state. The proofe of this circumstance are 
afforded by the absence of any dykes, or filaments ramifying into the 
surrounding rocks, as well as by the presence of conglomerates and 
breccias resulting from the grinding and attrition of such rocks by the 
elevation of the granitic' mass. The localities of granite in England, 
are Cumberland, Cornwall, and Devon ; in Scotland, the Highlands and 
the Isle of Arran ; and in Ireland, the Mome Mountains.* 

241. What woB the origin of ^^ Erratic Blocks ^^^ or 
^' Boulders V 

These are large blocks of stone, of various kinds, which 
«re found scattered over the nordiem parts of Europe and 
North America, detached from the system of rocks to which 
they originally belonged, and evidently conveyed^ to their 
jpresent beds by some enormous force. 

242. It appears evident that their transport is due to 
monstrous ice-bergs^ drifted by currents of water, at a time 
when the land upon which the blocks now lie was covered 
hy the ocean, 

243. Th» transportation of huge blocks of stone which become im- 
prisoned in ice-bergs is still in progress in the cold and temperate 
latitudes, both of the northern and southern hemispheres ; as, for ex- 
ample, on the coasts of Canada and Gulf of St. Lawrence, and also in 

• Bichardion's •« Introduction to Geology.** 
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** Remove not the old landmark ; and enter not into the fields of the fitthertess." 
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Chili, Patagonia, and the Island of South Georgia. In those region^ 
the uneven bed of the ocean is becoming strewed over with ice-drifted 
fragments, which have either stranded on shoals, or been dropped in 
deep water by melting bergs. The entanglement of boulders in drift 




ERRATIC BLOCKS, OR BOULDERS. 

ice also occurs annually in North America; and these stones, when 
firmly frozen into ice, wander year after year from Labrador to the St. 
Lawrence, and reach points of the western hemisphere farther south 
than any part of Great Britain.* 

244. What was the Origin of Metalliferous Mineral Veins f 
Mineral veins yielding metals, exist througliout the pri- 
mary, lower secondary, and in some cases in the tertiary 
deposits, but they are far more frequent in the jirst two 
classes. They exhibit various peculiarities, many of which 
the present state of our knowledge does not enable us to 
explain ; but it is assumed that the difference in substances 
found in veins, and their comparative richness and poorness^ 

• LyeU's "Principles of Oeology." 
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have been the consequence of different electric states in the 
rocks in which they are deposited, 

245. Metalliferous veins are usually poor near the surfiuse, but be- 
come richer at certain depths, and poor again in lower situations. They 
also change their metal at different distances from the surface; the same 
vein, in Cornwall, having been known to contain zinc above and copper 
below; while there are mines in the south of France which contain iron 
above, next silver, and lastly copper. 

346. They are divided into two kinds ; 1. Those which are contem- 
poraneous with the rock itself, and are supposed to have been formed 
by the separation of the metallic particles from the surrounding 
mass into one point, and are therefore termed veins of segregation ; 
2. The metalliferous lodes are considered to have been fissures, caused 
during the elevation of the rocks, which have subsequently been filled 
by metallic substances.* 

Tbe following list sbows tbe geological distribution of 
a few of tbe chief metals :— 

247. Tin generally occurs in quartz veins traversing granite and 
schist. It has not been discovered in a native state, but is commonly 
found as an oxide, and rarely as a sulphuret. The ores of this metal 
are of great hardness and specific g^vity, and are termed tin-stone. 
Wood-tin, so-called from its fibrous structure, and stream-tin, are 
found In the beds of streams and rivulets : they are the alluvial detritus 
of tin-veins that existed in rocks now destroyed. The stanniferous 
gravel of Cornwall is the debris of pre-existing rocks traversed by tin 
veins, and has been formed in the same manner as the auriferous 
alluvia of Russia. The mines of Cornwall are the most productive in 
Europe, and have been worked from the remotest historical period. 
The Syrians, as early as the time of Moses, imported tin frt>m that 
district. 

248. Lead, — The ores of this metal are very numerous; and the 
sulphuret of lead, or galena, occurs in primary and secondary rocks. 
In Derbyshire, the principle veins of lead are in the carboniferous lime- 
atone. 

249. Copper is found in primary and secondary rocks, and in modem 

* RJehardioa. 
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deposita ; it often occurs native, that is, in a pure metallic state, in 
blocks many tons in weight: its ores, or combinations with other metals- 
and minerals, are very numerous. Cornwall is the principal European 
repository for this metal. 

250. Oold exists in granite and quartz rocks. The g^ld found in 
the mud and sands of rivers has been derived from veins of that metal 
which existed in rocks, subsequently broken up and disintegrated > 
such is the origin of the auriferous sands and alluvia of Russia. 

251. Silver, — ^This metal is found in transition and primary rocks, 
often native, but generally in ores associated with arsenic, cobalt, &c. 
Sulphuret of silver (a combination of metallic silver and sulphur) is the 
most common one of this metal. Masses of pure silver, 2001bs. in 
weight, have been found in Norway. The rich Mexican silver and gold 
mines are in porphyritic rocks. 

252. Platinum occurs in the Ural Mountains. This metal combines- 
the lustre of gold and silver with incomparable hardness. A vein has- 
recently been discovered in metamorphic rocks, in the valley of Drac,. 
in the department of Isdre. 

253. Mercury or Quicksilver is foun(J always liquid when in a 
metallic state ; it is generally obtained from cinnabar, which is a sul- 
phuret of mercury, and forms beds and veins in gneiss and schist ; and 
in strata of the carboniferous epoch. The mines of Idria in Camiola 
are the most productive in Europe. 

254. Iron. — ^The almost universal presence of the ores of iron, and 
the infinite variety of its combinations, are too well known to require 
description. Native iron is sometimes found in the rocks ; but, firom 
the rapid oxidation of this metal when exposed to air or moisture^ 
it is seldom met with.* 

255. What is the Origin of ^^ Aqueous" Bocks f 
Aqueous rocks include all those that extend upward 

from the underlying granite, or igneous rocks ; and are so 
called because they have evidently all been deposited a& 
sediment from water y mostly in the shape of sand, clay, &c.» 
and became subsequently hardened, and in various other 

• ]Iaatell*8 •* Wonders of Geology." 
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ways affected, by subterranean heat, and also by the super- 
incumbent pressure of other rocks that were gradually laid 
upon them. 

256. The aqueous rocks deposited in seas can be dis- 
tinguished from those deposited by the waters of lakes and 
•estuaries, bi/ the fossils contained in them ; some obviously 
being inhabitants of salt, others only of fresh water. 

257. We can also learn much of the climate that pre- 
vailed during any particular formation, by studying the 
•character of the fossil vegetation, 

258. Aqueous rocks still continue to originate in the 
wear of the land by winds, rain, streams, or the ocean. 
The debris caused by running water is deposited at the 
bottom of seas and lakes, where it is consolidated, and then 
raised up by subterraneous forces, again to undergo the 
same process after a lapse of time. 

259. jTJie decay and removal of the eartk*s crust by the tide, and 
by meteorological changes, and its deposit elsewhere, with the change 
^ected by time on the accu- ^._._^ 

mulation, is a study of great 

interest. The cause of decay in 

Apparently impenetrable rock 

is the action of air and water 

upon minerals— an action which 

is not merely mechanical but 

chemical; the oxygen of the 

air, and also of the water, in 

•certain instances, conveiting the 

•exposed surface into a state of 

^corrosion. Of the rapidity with 

which this wear and tear goes 

on we have no accurate means 

of judging. The effect of storm and water on rocks is remarkably 

exemplified both in the Orkney and Shetland Islands, where the 
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Pentland Firth rashes through its channel at the speed of thirteen 
miles an hour^ scooping out the sides of the rocks into caverns, cells» 
and hollows. The storms, so frequent upon this part of the coast, 
have so battered and excavated the adjacent rocks, that in a calm 
they look like some ruined city rising from the placid face of the deep. 

260. Why are ^^ Metamorphic'^ Rocks so called? 
Because, having been formed of the sediment of water in 

regular layers, differing in kind and colour, and deposited 
near the place where plutonic rocks were generated, they 
have been changed hy the heat transmitted from the fused 
matter ; and, in cooling under heavy pressure, and at great 
depths, they have become as highly crystallized as granite 
without losing the stratified form. 

261. An earthy stratum has sometimes been changed into 
a highly crystallized rock to the distance of a quarter of a 
mile from the point of contact, by transmitted heat; and 
there are instances of dark-coloured limestone, full of fossil 
shells, that have been changed into statuai^ marble from 
that cause. 

262. Why are Trap Rocks so called f 

Basalt, lava, pumice, scorias, and ashes are the various 
matters ejected from volcanoes. When these materials aro 




TRAP ROCK, 0V£RLYIN6 REGULAR STRATA. 



found interstratified among the various geological formations, 
they are termed trap rocks — a name derived from the 
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Swedish trappa, a stair, in allusion to the step-like or 
terraced appearance which they often present. 

263. In the accompanying diagram, A is a block of trap, throwniip 
through an intrttsive vein, d. These intrusive traps occur in the form 
of walls and yeins; sometimes in that of flat parallel beds, and often 
as huge amorphous masses, to which no definite name can be given. 
The rocks through which they pass are more or less hardened, often 
contorted, and sometimes traversed by innumerable cracks and rents, 
into some of which the trap has penetrated in the form of veins. 

264. A trap'dyke is a long wall of igneous matter, cutting more or 
less perpendicularly through the surrounding rocks. Sometimes these 
dykes attain a breadth of many yards, and may not unfrequently be 
traced for miles, running in nearly a straight line over hill and valley, 
easily recognisable by a long smooth ridge, with the rock protruding 
here and there from below where the soil is thin. It is interesting to 
follow out one of these long ramparts from its beginning to the dose, 
and mark how undeviatingly it cuts through the rocks, no matter wliat 
may be the nature of the stone encountered. Of course, this trap 
must have been formed qfter all the rocTts through which it passed. 
The sandstones and shales must have settled down long previously on 
some estuary bed or sea bottom. Trap-dykes are, therefore, appro- 
priately termed intriuive. They have been intruded among, and must 
always be later than, the rocks in which they occur.* 

265. In what Order are the Geological Strata Airanged f 
The upper surface of our earth in level tracts, generally 

speaking, does not consist of such rocks as constitute the 
regular strata of the crust of the earth ; but, chiefly of a 
covering formed of the debris or ruin of those rocks. 
From this springs the vegetation which adorns our world. 

266. Below the superficial covering lie the Tbbtiaby 
beds, or formations. By this term, the series of subter- 
ranean beds down to the chalk rocks is denoted. 

• A. Geikie. 
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" And lorely the mountain falling cometh to nought, and tlie rock is removed 
ont of Ilia place/'-JoB zir. 

267. Underneath these beds lies another series of forma- 
tions, which, like the former, are of a stratified and sedi- 
mentary nature. These are called Secondaby rocks. 

268. Lastly, we find a series of crystalline and other 
masses situated below the secondary rocks, and beyond 
which the researches of man have never penetrated. 
These are the granite, gneiss, and mica-slate rocks. All 
these are formed of the same materials— quartz, felspar, and 
mica in different proportions and modifications, and these 
constitute the Primary Series. 

269« As regards the position of rocks in respect to the surface of the 
earthy it appears that all but the primary preserve generally a uniform 
thickness, or else yary in this respect by imperceptible and regular 
giadations. It is found that the strata extend over large surfaces in 
nearly, hut not quite, a horizontal direction. They incline, in fact, 
a little below the horizon, pass under the surface, and disappear under 
other strata, which, in their turn, also dip in the same direction. Thus, 
the snr&oe of the globe, in countries where secondary and subsequent 
fonnations occur, is formed of the edges of strata which gently dip 
43own into the earth. 

270. In the annexed diagram is represented the section of a country 




SECTION OF REGULAR STRATA. 

in which granite is towering into a mountain at A, gneiss lying upon it 
at B, mica slate at c, various secondary rocks at d, e, f, and the 
tertiary formations at g. 



PHYSICAL 6E0QBAPHT, AND 6EOLOQT. 79 



" And I irill shew wonders in tbo hMtens, and in the eartb, blood nd flre» 
and pillars of smoke.**— Jon. ii. 



271. Strata, when lying in their natural nndistorbed positions, in> 
yariably occupy a certain regular determinate order; so that, for 
instance, if groups of six different strata or formations be found in 
different parts of the world, that six will always be discoTered in the 
same swcessional order; or, in other words, while certain strata 
requisite to form a complete group may be missing from the group ia 
any one locality, those that are found together will always exhibit, if 
undisturbed by natural yet disarranging forces, the same order of 
arrangement, in their relati(yi to each other. 

272. The following Table, simplified from "tyeWn Elements,"^ 
indicates the varions formations included in the three groups:— 

*' The minority of Geologists conclude, that four or Jive distincii 
epochs of destruction and renewal map be traced in the organic 
remains contained in the different strata; in other words, that whole 
groups have been swept from existence by some powerful catastrophe,, 
and their places supplied by other races, called into existence by the 
creating energy of the Almighty. The records of Geology seem to 
testify that such was the condition of the globe in^ those early periods 
as to temperature and other circumstances, that our present race of 
animals could not have then existed, and that such was the nature 
and constitution of those primeral beings, that they could not exist in 
the present constitution and circumstances of our globe ; their naturea 
being adapted to the different conditions of the earth, at earlier periods 
of its existence."* 

• Dick's ** Christian Philosopher.*' 
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" Thou coveredst it with the deep as with » garment: the waten stood above 
the znoontains.*'— PtAuc ciT. 



FOSSILIFEROUS ROCKS. 



273. [For explanation of the following names see the Gtosifary.] 



1. Recent. 

2. Post-Pliocene. 

3. Newer Pliocene. 

4. Older Pliocene. 

6. Upper Miocene. 

6. Lower Miocene. 

7a. Upper Eocene. 

7b. Middle Eocene. 

8. Lower Eocene. 

9. Maestricht Beds. 

10. Upper White Chalk. 

11. Lower White Chalk. 

12. Upper Greensand. 

13. Gault. 

14. Lower Greensand. 

15. Wealden. 

16. Porbeck Beds. 

17. Portland Stone. 

18. Elinneridge Oay. 
10. Coral Rag. 

20. Oxford Clay. 

21. Great Oolite. 

22. Inferior Oolite. 

23. Lias. 

24. Upper Trias. 

25. Middle Trias. 
20. Lower Trias. 

27. Magnesian Limestone. 

28. Coal Measures. 

29. Carboniferous Lime- 

stone. 

80. Upper Devonian. 

31. Lower Devonian. 

32. Upper Silurian. 

33. Lower Silurian. 

34. Upper Cambrian. 
34. Lower Cambrian. 



I POST-TERTIART. 

i Pliocene. 

/ MiOCBXRB. 

V Eocene. 

) Ceetacbous. 



TERTIARY. 



J SECONDARY. 



> Jurassic. 



> Triassic. 
Permian. 

> Carboniferous 

(Old Red 
Sandstone. 



> PRIMARY. 



jc 



Cambrian. 
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** He Undeth the floods from overflowing ; and tlie thing that is hid bringeth 
He forth to light."— Job xxviii. 

274. What are the Oeological Agencies that have detennined 
the character of Continents and Islands? 

The present form of all land surfaces has been produced 
bj two causes, which have acted in succession, the one 
after the other : the first is a subterranean action^ un- 
attended bj violent phenomena, of which the measure and 
direction are unknown to us ; the second comprises all the 
causes acting at the surface, as volcanic eruptions, earth' 
quakes, elevations of mountain chains, and oceanic currents, 

275. The changes in the relative heights of the solid and the liquid 
portions of the surfiice, which have determined the eversion or sub- 
version of the lower lands, and the present outlines of continents, must 
be referred to various causes, acting at different times. The most 
powerful among these have no doubt been elastic forces acting in the 
interior of the earth, sudden changes of temperature affecting great 
masses of rock, the unequal loss of heat in the earth's crust and in the 
nucleus, causing ridges and contortions. See. 

276. According to the opinion generally received among the geolo- 
grists of the present day, the elevation of continents above the sea is a 
real, and not merely an apparent or relative elevation, such as would 
be occasioned by a depression of the general sea level. 

277. A remarkable elevating force is observed to be in operation 
throughout Norway and Sweden, which appears to attain its maximum 
in the north of Lapland, and to diminish gradually southwards towards 
Calmar and Soelvitsborg. While the whole coast of Sweden and 
Finland is undergoing a gradual rise, the southern coast of Sweden 
is being depressed. 

278. WTiat are the Physical Effects of Volcanoes f 
Volcanic action was long considered solely in respect to 

its destructive agency, as it was understood. But it is 
now contemplated as a great force in nature, formative of 
new rocks, and transformative of those pre-existing, 

279. For instance : the composition of lava differs 
according to the nature of the crystalline rock of whick tlika 
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**Bov Thy heavens, Lord, and come down: tonch the moontains, and ther 
shall smoke.** — Fbauc cxlir. 




YOLCANO OF THB MOLLVCCAX 
ISLAND GROUP. 



Yolcano consists, and according to the degree of heat of the 
interior. Vitreous volcanic rocks, obsidian, pearlstone, and 

pumice are entirely want* 
ing in some volcanoes ; in 
others they proceed from 
the water itself, or at least 
from inconsiderable depths 
beneath it. 

280. If, instead of arranging^ 
rocks according to their diffe- 
rences of form and superposi- 
tion into stratified and unstra- 
tified, schistose and compact, 
nori^al and abnormal, we trace 
out and study the phenomena 
of formation and tranrforma'- 
Hon which are still going on 

before our eyes, they may be distributed in the four following classes, 

according to their mode of origin :— > 

281. Erupted rocks which have issued fipom the interior of the 
earth, either by volcanic action in a state of fusion, or by plutonic 
action in a more or less softened state. 

282. Sedimentary rocks, precipitated or deposited from liquids in 
which their particles were held in solution, or suspended ; these form 
the greater part of the Secondary and Tertiary groups. 

283. Trantformed or Metamorphic rocks, in which the texture and 
mode of stratification have been altered, either by the contact or 
proximity of an erupted plutonic or volcanic rock; or, as is more 
frequently the case, by the action of vapours and sublimations 
which accompany the issue of certain masses in a state of igneous 
liquefoction. 

284. Conglomerates, coarse or fine grained sandstones or breccias, 
consisting of mechanically divided fragments of the three preceding^ 
classes. 

285. The production of these four kinds of rocks, as stUl going on 



PHYSICAL GEOGRAPHY, AND GEOLOGY. 



83 



•* The hills melted like wax at the presence of the Lord, at the presence of the 
Lord of the whole earth.**— Fsauc zcvii. 



brfore our eyu — by the pouring forth of volcanic masses in streams of 
lava ; by the inflaence of these masses on rocks previously hardened ; 
by mechanical separation, or chemical precipitation from liquids 
charged with carbonic acid ; and by the cementation of the detritus of 
rocks of every kind — may be regarded as presenting only a faint 
image of what took place in earlier ages during the formation of the 
earth.* 

286. What is it that Burns in Volcanoes f 

It was at one time believed that the heat which 
fuses the earth and metals, and produces great streams of 
lava, arose from the chC" 
mical action of various 
substances capable of ge- 
nerating intense heat by 
their mutual affinities ; but 
it is now understood that 
the development of volcanic 
fires is not due to this cause 
in a direct sense, but arises i 
from the internal terrestrial 
heaty acting in all cases of 
volcanic eruption. 

287. The great number 
of volcanoes situated on 
islands, or on coasts, for a 
time imparted the belief that volcanic activity is connected 
with the sea, and dependent upon it for continuance ; that 
their action, at least in part, arose from the decomposition 
of large bodies of sea water, and its conversion into vapours 
and gases. 

288. But this opinion has fallen into discredit: there 
are volcanoes situated great distances from the sea; and their 

• Humboldt. 
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** The mountains quake at Him, and the hills melt, and the earth Is burned at 
His presence, yea, the world, and all that dwell therein.**— Kaiiiim i. 



being found most commonlj on sea borders probably arises 
from the fact that, on their first formation the land near the 
sea, being of a lower level than that of the interior of con- 
tinents, ofiered by its superincumbent weight less resistance 
to the upheaving of volcanic cones. 

289. That the earth possesses a source of internal heat is a fact 
which is demonstrated hy the phenomena already mentioned. The 
increased temperature of wells and mines, the warmth of which aug- 
ments in a known ratio as we descend, the vaporous exhalations of 
the earth, its streams of heated water, and its volcanic eruptions, all 
prove the existence of such a cause. To an agent thus powerful and 
universal many of the modifications of the earth's surface are evidently 
attributable, as the fusing of the melted rocks, and the altering of those 
which are termed, metamorphic, while its operation in existing vol- 
canoes is alike evident. The only doubt of importance is as to the 
KATURB qf these subterranean fires : one section of observers, among 
whom Humboldt, Fourier, Cordier, and Arago maintain the views of 
Leibnitz, as to their resulting from the original incandescence of our 
planet; the other attribute them to chemical agencies operating 
within the depths qf the earth, 

290. Meantime, there are various facts, such as the mean density of 
the earth, which is too small to allow of its being wholly a solid mass, 
together with the undulatory motion observed in earthquakes, with 
other phenomena of similar nature, which lead to the conclusion that 
a large part of the interior of our planet is in a state effusion by 
heat, and that we are existing on the external covering qf a mass of 
molten matter. The oscillations of such a fiuid, tending towards 
different directions, will sufficiently account for physical phenomena of 
the highest relative interest and importance, such as the changes in the 
external aspect of the earth by the elevation of continents from the 
bed of the ocean, the upheaval of some portions of the surface, the 
submergence of others, and the general variety observable in Its 
configuration.* 

291. Mount Roa and three other volcanoes, besides conical volcanic 
peaks, are found in Hawaii, the largest of the Sandwich Islands. The 

* Richardson. 
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** Who can Btand before His indignation ? and who can abide in the fierceness 
of His anf(er? his ftirv is poured out like fire, and the rocks are tlirown down by 
Him."— Nahum i. 



summit of Mount Roa is nearly 14,000 feet abore the sea, and its 
crater has a circumference of about six miles and a quarter. The 
ancient crater, which has become partly quiescent, is not less than 
twenty-four miles round. In May, 1843, an eruption of this mountain 
took place, which is thus described by the Rer. Titus Coan, an 
eye-witness : — 

S92. '' God is not only working wonders in the moral and civil, but 
also in the physical world around us. You have heard of the great 
volcanic eruption near our station in 1840. Another scene of a similar 
kind has recently taken place about the same distance from us, but 
in a different direction, directly in the rear of our station. On the 
10th of January of the present year, and just at the dawn of day, we 
discovered a rapid disgorgement of liquid fire from near the summit 
of Mount Roa, at an elevation of about 14,000 feet above the sea. 

293. " This eruption increased from day to day for several weeks, 
pouring out vast floods of fiery lava, which spread down the side of 
the mountain, and flowed in broad river^, throwing a terrific glow 
upon the heavens, and filling those lofty mountainous regions with a 
sheen of light. The spectacle continued till the molten flood had 
progressed twenty or thirty miles down the side of the mountain and 
across a high plain which stretches between the bases of Mouna Roa 
and Mouna Kea. 

294. ''After many weeks, in company with Mr. Paris, the missionary 
for Kan, a station south of Hilo, we penetrated through a deep forest, 
stretching between Hilo and the mountain, and reached the molten 
stream, which we followed to the top of the mountain, and found its 
source in a vast crater, amidst eternal snow. The lava had now 
ceased to flow upon the surface down the sides of the mountain, but 
it had formed for itself a subterranean duct at the depth of 50 to 100 
feet. This duct was vitrified, and down this fearful channel a river 
of fire was rushing at the rate of fifteen or twenty miles an hour, 
from the summit to the foot of the mountain. 

295. ''We saw the subterranean stream distinctly through several 
large apertures in the side of the mountain, while the bummg flood 
rushed fearfully beneath our feet. Our yisit was attended with peril 
and inconceivable fatigue; but we never regretted having made it, 
and we returned deeply affected with the majesty, the siLb\lTx^Vs<» 
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■'Come and we the works of God: He is terrible in his doing toward the 
children of men."— Psauc IxTi. 



the power, and the love of that God who ^looketh on the earth 
and it trembleth, who touches the hills and they smoke, whose 
presence melts the hillSi and whose look causes the mountains to flow 
down.' " 

296. The quantity of material ^ecied by Volcanoes is sometimes 
very enormous. In those of Tomboro, in Sumbawa, in 1815, ashes 
and scoriae were thrown out sufficient to form three mountains equal 
to Mont Blanc, or to cover the whole of Germany two feet deep. The 
lava which streamed, in 1783, from the Skaptar Jokul, in Iceland, 
has been computed at twenty-one cubic miles, a quantity equal in 
volume to the whole of the water poured by the Nile into the sea in 
a year.* 

297. WTiat is the Cause of Hot Springs f 
The water supplying these springs, having been carried 
down to a great depth, brings up the temperature of the earth 

penetrated. Water will 
at the point to' which it has 
boil at the depth of 2430 
yards. Lead melts at the 
depth of 8400 yards. 

298. The warm springs 
of Bath have a tempera- 
ture of from 93® to 117** 
Fahr. Three springs near 
Macao have temperature 
of 132^ 150^ and 186® 
Fahr. In the Himalayas 
there are springs 'nearly 

^^ . . ' are others fully boilmg ; 

from the Geyser fountains, in Iceland, boiling water 

qpoated intermittently to the height sometimes of 
160 feet 

* Henehel. 
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** Thou Shalt be Tbited of the Lord of hosts with thunder, and with earthquake, 
and great noise, with stoxm and tempesti and the flame of deTOoring fire." — 

JfAlAIf XXiX. 



299. The largest of the Geyaen throws up at certain times a colunm 
of hot water with loud explosions, the dischargee lasting for a longer or 
shorter time, when the watery column is succeeded by a pillar of steam^ 
which rushes up through the air with thundering noises. The springy 
are all supposed to be connected by subterranean channels with Mount 
Hecla, and tJie water to have passed over beds of lava still in a state 
affusion. The basin of the Great Geyser has the appearance, when 
quiescent, of a circular pool. Prior to the upheaving of the waters, a 
dull rumbling sound is heard, then the pool becomes troubled, and 
jets of water and steam are soon prq)ected, with great force and noise, 
fi*equently carrying up large blocks of stone ; the earth is slightly 
shaken, and sounds proceed from beneath the surface like the firing of 
cannon. The eruption terminates by the emission of Jets of steam, and 
by a yiolent gurgling of the waters. These discharges sometimes- 
occur three or four times in twenty-four hours. 

300. Why are Fishes sometimes ejected hy Volcanoes 7 

Those volcanoes which rise high above the region of 
perpetual snow produce inundations and torrents of water, 
hj which smoking scoriss are hurried along with blocks of 
ice. Cavities in the declivity or at the foot of the volcano 
are thus gradually converted into subterranean reservoirs of 
water, with which the Alpine torrents and rivulets com- 
municate, by numerous narrow channels. Into these the 
spavm of fish is conveyed through the rivulets, and they 
become developed, and multiply in the caverns ; and when 
the whole ma&is of the volcano is powerfully shaken by 
earthquake shocks, these subterranean caves are suddenly 
opened, and fishes and mud ejected together. 

301. Why do Storms of Thunder and Lightning frequently 
occur around the summits of Volcanoes? 

Because the hot steam which, during the eruption of 
the volcanoes, issues from their waters and mingles with 
the atmosphere, condenses as it cools, and forms clouds, 
surrounding the columns of fire and ashes, which rise to 
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" A righteoiu man falling down before the wicked, is as a troubled fountain, and 
» eorrupt spring."— Frotcbbs zxt. 




CRATBR OF A VOLCANO 
DISCHARGina TAFOUR. 



i 



the height of many thousand feet. Electric disturbance 
is caused by the suddenness of the condensation, and 

by the formation of such 
an enormous surface of 
cloud. Forked lightnings 
dart from the columns of 
ashes, and the rolling 
thunder of the volcanic 
storm may be clearly dis- 
tinguished from the sounds 
that issue from the in- 
terior of the volcano. At 
the volcano of Katlagia, 
in Iceland, in 1755, eleven 
horses and two men were 
killed by lightning from a cloud of volcanic steam. 

302. Whi/ are Springs of Water frequently found to issue 
from the sides of Volcanoes? 

Because the vapour which rises from the volcanoes 
condenses, and, after permeating the rocky sides, again 
appears in the farm of springs. 

303. What is the cause of '^ Mud Volcanoes?" 
Melted lava^ gases, liquids, and mud, issuing from the 

earth, exhibit transitional or intermittent phenomena, all 
connected with the internal heat of the earth, and 
volcanic agencies. 

304. Mud volcanoes are deserving of more attention than has hither- 
to been given to them. When the mud volcano of Jokmali, on the 
borders of the Caspian Sea was first formed, flames blazed up to an 
•xtraordinary height for a space of three hours, and during the follow- 
.ing twenty-ibur hours they rose about three feet above the water from 
vhich mud was ejected. Near the village of Baklichli, west of Baku, 
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** Thouffh the waters thereof roar and be troubled, thonsh the monntaini ibakA 
with fhe iweUlng thereof."— FtAuc zlvL 



the column of flame rose so high that it could he seen at a distance of 
twenty-four miles. Enormous fragments of rock, torn doubtless from 
depths, were hurled to a great distance round. 

905. After the Tiolent explosion and flames which accompany the 
first appearance of mud yolcanoes, they present to the observer an 
image of the constant but feeble activity of the interior of the globe. It 
would seem as if, soon after their first formation, the channels of com- 
munication with the very deep strata having a high temperature be- 
came obstructed, and the coldness of the mud emitted appears to 
indicate that the seat of activity is situated not very hx from below 
the surface. 



306. There is no sufficient reason why we should assume that the 
subterranean forces may not, in ages to come, add new systems of 
mountains to those which already exist. Why should we suppose the 
crust of the earth to be no longer subject to the agency which has 
formed the ridges now perceived on its surface ? Since Mont Blanc, 
and Monte Rosa, Sarati, Illimani, and Chimborazo, the colossal summits 
of the Alps and the Andes, are considered to be amongst the most 
recent elevations, we are by no means to assume that the upheaving 
forces have been subject to progressive diminution. On the contrary, 
the quiet we now enjoy is only apparent; the tremblings which still 
shake th^ surfiice in every latitude, and in every species of rock, the 
progressive elevation of Sweden, and the appearance of new islands of 
erruption, are far from giving us reason to suppose that our planet 
has reached a period of entire and final repose.* 

807. There appears scarcely to have been an age of the world in 
which volcanic eruptions have not taken place in some pavt of the 
globe. Lava has pierced through every description of rocks, spread 
over those existing at the time, and flowed between their strata. Ever 
changing their place of action, eruptions have burst out at the bottom 
of the sea as well as on the dry land. Enormous quantities of scorio 
and ashes have been ejected from numberle^ craters, and have formed 
extensive deposits in the sea, on lakes, and on the land, in which are 
embodied the remains of animals and vegetables that flourished in the 
ages when the eruptions occurred. Some of these deposits have become 

* Humboldt. 
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** And they iball go into the holes of tlie rocki, and into the caves of the earth 
for Cear of the Lord, and for the glory of His M^Uesty, when He aiiaeth to shake 
terribly the earth.**— IsIiah iL 



hard rock, others remain in a cmmbling state, and, as they alternate 
T?ith the aqueous strata of ahnost e^ery period, they contain the fossils 
of all the geological epochs, chiefly fresh and salt water shell fish.* 

908. One of the characteristic forms of volcanic rocks, especially of 
ifasaU, is the coltmmar, where large masses are divided into regular 

prisms, sometimes easily sepa- 
rable, but in other cases ad- 
hering firmly together. The 
columns vary in the number of 
..^m^mmm^^^U^j^^^ angles from three to twelve, but 

they have most commonly from 
five to seven sides. They are 
often divided transversely, at 
nearly equal distances, like the 
joints in a vertebral column, as in 
the OianVa Causewayy Ireland. 

309. Sometimes each segment 
of the basaltic columns as- 
sumes a spheroidal, instead of 
an angular form, so that a pillar is made up of a pile of balls, usually 
^ttened, as in the Cheese Grotto, in the Eifel, near the Moselle. The 
basalt there is a part of a small stream of lava, from thirty to forty 
feet thick, which has proceeded from one of the several volcanic 
<Taters still existing on the neighbouring heights. 




310. What relation do Volcanoes hear to Earthquakes f 

Active volcanoes may be regarded as safety-valves which 
give vent to those internal forces by which earthquakes 
are caused. The danger increases when the openings of 
these volcanic outlets are stopped. 

311. When the fissures of volcanoes become filled up 
with crystalline masses issuing from the interior, the 
free escape of the elastic fluids is impeded. They then 

* Mrs. Somenrille. 
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" For thus salth the Lord of honts : Yet once it is a UtUe whHe, and I will thake 
the heaTent, and the earth, and the sea, and the dry land."— Haooai il. 



accumulate, and their action against the crust of the 
earth shows itself in three different ways — in earthqaakeSy 
in sudden elevations^ or in slow and continuous elevations^ 
which alter progressively the relative levels of the land 
and the sea. 

812. To man the earthquake conveys a sense of danger of which 
he knows not the extent or limit. The eruption of a yolcano, the 
flowing stream of lava threatening his habitation, can be fled from ; 
but in the earthquakci turn where he may, danger and destruction 
are around him, and beneath his feet. But, though such emotions 
are deeply seated, they are not of long duration. The inhabitants 
of countries where long series of weak shocks succeed each other, 
lose almost every trace of fear. On the coasts of Peru, where rain 
scarcely 'ever falls, and where hail, lightning, and thunder are 
unknown, these atmospheric explosions are replaced by the subter- 
ranean thunder which accompanies the trembling of the earth. From 
long habit, and a prevalent opinion that dangerous shocks are only 
to be apprehended two or three times in a century, slight oscillations 
of the ground scarcely excite so much attention in Lima as a hail- 
storm does in the temperate zone. 

313. What is the cause of Earthquakes? 

They probably owe their origin to the high temperature 
of the interior and deep-seated molten strata of the earth; 
combined probably with the force of electricity; and are 
independent of the nature of the rocks in which they 
manifest themselves. 

314. Earthquake shocks have been felt in loose alluvial soil. 
Granite and mica slate are shaken, as well as limestone and sandstone. 
It is not the chemical nature of the constituent particles, but the 
mechanical structure of the rocks, which modifles the propagation 
of the shock, or of the wave which occasions it. Where such a 
wave proceeds in a regular course along a coast, or at the foot of 
a mountain chain, interruptions at certain points have sometimes 
been remarked, and these have continued for centuries; the un- 
dulations have passed onward through the depths below, but it is 
never felt at corresponding points of the surface. The interrupting 
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** The earth shall quake before them : the heavens shall tremble : the snn and 
the moon shall be dark, and the stars shall withdraw their shining.**— Joel iL 



points have been regarded as a bridge, which in course of centuries 
yields to the recurring forces, and the way being once opened, the 
ondulatory movement is propagated through it.* 

315. What are the Physical Effects of Earthquakes f 

Whole districts of country are elevated above their 
former level, and others are depressed^ even to being sunk 
beneath the sea level, or actually beneath the sea. During 
their occurrence various substances are ejected from the 
earth, such as hot water, noxious gases, mud, black smoke, 
and even flames. 

316. During the great earthquake of Lisbon, 1755, flames and a 
column of smoke were seen to issue from a newly-formed fissure 
in a rock. At the destruction of Riobanba, 1797, where the shocks 
were not accompanied by any eruption of the adjacent volcano, a 
singular mass, in which carbon, crystals of angite, and silicious 
shells were intermingled, was pushed up in numerous small conical 
eminences. During the earthquake of New Granada, 1627, carbonic 
acid gas, issuing from fissures in the valley of the Magdalena River, 
Bufibcated many snakes, rats, and other animals which live in holes. 

817. The intertropical parts of America, where sometimes, for ten 
months together, not a di*op of rain falls, repeated earthquake shocks 
are regarded by them as the welcome harbingers of abundant rain 
and a fruitful season. 

318. Earthquakes are distinguished by rapidly succeeding vertical, 
horizontal, or circular oscillations. The vertical and the horizontal 
often take place together. The mine-like explosion, the vertical action 
from below upwards, showed itself in the most striking manner at the 
overthrow of the town of Riobambaj in 1797, where many corpses of 
the inhabitants who perished were hurled to a height of several hun- 
dred feet on the hill of La Cullca, beyond the small river of Lican. 

319. The circular earthquakes are most rare, and at the same 
time the most dangerous. In the great earthquake of Riobamba, 
in the province of Quito, 1797, and in that of Calabria, 1783, 
the direction of walls was changed, without their being overthrown, 

• Humboldt. 
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Straight and parallel fields were inflected, and in fields haying two sorts 
of cultiyation there were instances of one crop taking the place of the 
other ; the fomitore of one house was thrown under the walls of an- 
other. Disputes oonoeming the ownership of objects which had thus 
been carried to distances of many hundred yards had to be decided 
by the Court of Justice. 

320. The noise which usually attends an earthquake is not upon all 
occasions simultaneous with the commotion, but sometimes occurs as 
much as fifteen or twenty minutes aftervoards. The nature of the noise 
also diflfers g^reatly ; sometimes it is rolling, and occasionally like the 
clanking of chains ; sometimes abrupt, like thunder close at hand, and 
sometimes dear and ringing, as if yitrified masses clashed, or were being 
shattered in subterranean cavities. The sounds are not propagated 
through the air, but through the earth, at a great depth. 

821. Subterranean roaring and thundering is sometimes heard, with- 
out being accompanied by any vibration of the earth. This has been 
especially noticed in the mountain city of Guanaxuato, in the Mexican 
territory, which is situated at a distance firom any active volcano. A 
noise began here on the 9th of January, 1784, at midnight, and lasted 
ahwe a month. From the ISth to the 16th of January, it was as if there 
were heavy storm-clouds under the feet of the inhabitants, in which 
alow-rolling thunder alternated with short thunder-claps. Almost all the 
inhabitants were terrified and quitted the city, in which large quantities 
of silver were stored; but the more courageous, when they had become 
accustomed to the subterraneous thunder, returned and fought with 
bands of robbers, who had entered the city to take possession of the 
treasure. Neither at the sur&ce nor in deep mines of the country 
could the slightest trembling of the ground be perceived. The noise 
ceased gradually, as it had commenced; it was confined to a small 
space. 

322. The great earthquake which destroyed Lisbon in 1755 was felt 
in the Alps, on the coasts of Sweden, in the West India Islands, on the 
great lakes of Canada, in Thuringia, in the flat country of northern 
Germany, and in small inland lakes on the shores of the Baltic. It has 
been computed that a portion of the earth's surface, four times greater 
than the extent of Europe, was simultaneously shaken. There is no 
manifestation of force yet known to us (including the murderous in- 
ventions of our own race) by which a greater number of human beings 
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hare been killed in the short space of a few seconds or minutes, than in 
the case of earthquakes : sixty thousand were destroyed in Sicily in 
1093 ; thirty to forty thousand at Riobamha, in 1797 ; and perhaps five 
times as many in Asia Minor and Syria in the years 19 and 526.* 

323. There is a central volcanic tract of Southern Europe where 
the greatest earthquakes prevail, in ^hich rocks are shattered, moun- 
tains rent, the surface elevated or depressed, and cities laid in ruins. 
On each side of this line of the greatest commotion there are parallel 
bands of country where the shocks are less violent. At a still greater 
distance (as in Northern Italy, for example, extending to the foot of 
the Alps) there are spaces where the shocks are much rarer, and more 
feeble, yet possibly of sufficient force to cause, by continued repetition, 
some appreciable alteration in the external form of the earth's crust. 

324. Beyond these limits, again, all countries are liable to slight 
tremors, at distant intervals of time, when some great crisis of subter- 
ranean movement agitates an adjoining volcanic region; but these may 
be considered as mere vibrations, propagated mechanically through the 
external covering of the globe, as sounds travel to almost indefinite 
distances through the air. Shocks of tliis kind have been felt in Eng- 
land, Scotland, Northern France, and Germany — ^particularly during 
the Lisbon earthquake. 

325. Why do Great Waves of the Sea usually attend 
Earthquakes ? 

The phenomenon probably arises from the upheaval of 
the bed of the sea, the first effect of which is, to raise over 
the elevated part a body of water, the momentum of which 
will carry it much above the level it will afterwards assume, 
causing a draught, or receding of water from the neigh- 
bouring coasts, followed immediately by the return of the 
displaced water, which becomes impelled by its momentum 
much further and higher on the coast than its former level. 

326. Why is a WaveMhe Motion experimced upon the 
Land as well as on the Sea? 

Because, although it is irreconcileable to our common 

* Humboldt. 
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notions of solid bodies, to imagine them capable of trans- 
mitting motions analagous to tidal waves ; it is nevertheless 
certain that such undulations are produced. 

327. The facility with which all the particles of a solid 
mass can be made to vibrate, may be illustrated by many 
familiar examples. If we apply the ear to one end of 
a long wooden beam, and listen attentively when the other 
end is struck by a pin's head, we hear the shock distinctly, 
which shows that every fibre throughout the whole length 
has been made to vibrate. It is in this way that the rattling 
of carriages and railway shakes the earth from some dis- 
tance around. 

328. While the shock propagated through the solid 
earth travels with extra rapidity through the land, the 
great sea wave follows at a slower pace, though advancing 
at the rate of several miles a minute. It consists in the 
deep ocean of a long low swell of enormous volume, having 
an equal slope before and behind, and that so gentle that it 
might pass under a ship without being noticed. But when 
it reaches the edge of soundings, its front slope, like that 
of a tidal wave under similar circumstances, becomes 
short and steep, while its rear slope is long and gentle. 
If there be water of some depth close by the shore, this 
great wave may roll in long after the shock, and do little 
damage ; but if the shore be shelving, there will be first 
a retreat of the water, and then the wave will break 
upon the shore and roll far in upon the land.* 

329. On the 24th of Hay, 1751, the ancient town of Conception was 
totally destroyed by an earthquake, and the sea rolled over it. The 
ancient port was rendered entirely useless, and the inhabitants built 
another town about ten miles from the sea coast, in order to be beyond 
the reach of similar inundations. 

• Mallet. 
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GEOLOGICAL STRATA OF GREAT BRITAIN, 

With their leading Fossiliferoua Contents. 

330. SvpsRFiciAL Accumulations. 

Sails, produced by the disintegration of roclcs, and the decomposition 
of animal and vegetable matter. 

Alluvium, deposits from the ordinary action of water, forming clays, 
sands, g^vel, &c. 

Diluvium, deposits resulting from extraordinary action of water, the 
forces of which have removed and deposited erratic rocks. 

331. TsRTiABT, or Cainozoic Strata. 

Clay, formed of marine shells, pebbles, and sand, overlying beds of 
sand, or sandy limestone, containing organic remains, a large 
proportion of which are identical toith existing species. 

Freshwater Marl, peculiar to the Isle of Wight, and including estuary 
shells. 

London Clay, marine groups of clay, sand, and shells, subdivided into 
the Upper or Barton day group, the Middle or Brackleshsm 
sands, and the Lower or Bognor group. 

Plastic Clay group, consisting of clays, sands, lignites, subdivided into 
Woolwich beds and Thanet sands, containing fossils allied to those 
of the London day. 

333. SscoNDART, or Mbsozoic Strata. 

Prindpally of marine origin, with rare and local estuary deposits; 
consisting of repeated alternations of limestone, flint, sandstone, 
sand, day, iron ore, coals, salt, &c., with organic remains 
generally very distinct from existing forms qf animals. 

Upper Mesozoic Strata* 
Chalk, calcareous, with flints, subdivided into the Upper, Middle, and 
Lower chalks, of varying hardness. 

Oreen Sand, comprising sands more or less coloured by the silicate of 
iron, and clays, and subdivided into Upper Green sand, Gault 
day, and Lower Green sand. 
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8d3. Lower Mesozoic Strata. 

Wealden, a fluviatile and estuary deposit of sands^ clays, Sec, divided 
into Weald clay, Hastings sands, and Porbeck limestone and 
clays. 

Upper Oolite, calcareous, with limes and clays, comprising the 
Portland oolite and Kimmeridge clay. 

Middle Oolite (called also the Oxford), calcareous, with sands and 
clays, comprising Upper calcareous grit, Coralline oolite, Lower 
calcareous grit, Oxford day, Hackness rock, and clay. 

ZoweTf or Bath Oolite, calcareous, with clays and sands, comprising 
in the South of England Combrash, Honiton sands, Forest 
marble, Bradford clay, Great oolite. Fuller's earth rock. Inferior 
oolite, and Ferruginous sand, with concretionary masses holding 
shells. 

Lias, limestone and clay or shale, comprising Upper lias shale. Lias 
limestone, Lower shales, and bone beds. 

New Bed Sandstone System, 
New Bed Sandstone, comprising variously coloured clays, sands, &c., 
arranged with the Upper yariegated marls, gypsum salt, Kenper 
sandstone, red and white conglomerate, in which organic remains 
are exceedingly rare. 
334. Primary, or Pal-eozoic and Hypozoic Strata. 
The PalfiBOzoic rocks, containing organic remains, mostly of marine 
tribes, and generally extinct; the Hypozoic rocks deficient in 
fossils. 

Upper PalcBozoic Strata. 
Permian Series, comprising Limestones, Clays, and Sandstones, 
arranged into Knottingley limestone. Gypseous Red marls, Bolsover 
limestone. Marl slate, and Red sandstone, in which Plants of the 
subsequent Coral species appear. 

Coat, about one thousand yards thick, the subdivisions of which are of 
a local character. Gritstone and Shale constituting the principal 
mass ; Flagstone and Ironstone being among the most character- 
istic layers. The Plants are abundant, mostly of aborescent ferns 
and mosses, generally of terrestrial tribes and extinct genera. 
The shells are mostly of estuary origin. 
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Mountain, or Carboniferous JAineatone, the subdiTisions of which are 
of a local character, but generally consisting of Millstone grit, 
sandstones, shales, coals, and limestones, forming a transition 
group passing from carboniferous limestones to coal. 

335. Middle PahBOzoic Strata. 

Old Bed or Devonian Series, limestone, sandstone, clay, shale, or slate, 
comprising Yoredale rocks. Sand limestone. Red sandstones, form- 
ing a transition gproup between the carboniferous limestone and red 
limestone formations, conglomerates and sandstones, in which no 
fossils have been found, coloured marls, and concretionary lime- 
stones called com stones, a few fossils, and flagstone beds, with a 
few fossil fishes. 

Lower Pal^Bozoie Strata. 

Ludlow Bocks, composed of sandy grains, sometimes mixed with clay, 
and subdivided into the Upper Ludlow, Aymestry limestone, and 
the Lower Ludlow. 

Wenlock, calcareous, comprising Wenlock limestone, Wenlock shale, 
Woolhope limestone, and Maghill sandstone. These limestones 
and shales contain fossil Corals and Crinoideans in great abun- 
dance ; also TrUobites, &c. 

Caradoc Sandstone, comprising Shelly limestone, various sandstones, 
with Trilobites, and other fossils. 

LlandUo, calcareous rocks, also containing Trilobites, and a few other 
fossils. 

Festiniog, Gay slates, &c., divided into Arenig slate and Porphyry, 

Trenadoc slate, and Lingula flags. 
Bangor, Grits and Slates, as Harlech grits, Llanberris slates, Long- 

mynd slates. 

Hypozoic Strata. 
Micha Schist, including Chlorltic schist. Talc schist, Prarty rock. 

Granular limestone. Gneiss, Hornblende, Schist, &c. 

ChranUie Bocks, which are not stratified, usually form the basis 
OP THE YARious STRATA, and are frequently, but not by 
any means universally, followed by the Gneiss and Mica slate 
system 
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AIR, WATER, EARTHS, ROCKS, 

AND THEIR RE -ACTIONS. 

336. How does Water produce the ^' Disintegration^^ of 
Bocks? 

The most common and widely diffused form of decompo- 
sition is that produced 
on the surface of the 
earth by the action of 
rain water, in slowly 
dissolving out the soluble 
parts of rochSy and wash- 
ing away the loose incO' 
herent grains. 

S37. In ordinary langaago 
we say a stone " rots away,*' 
and its debris is washed down 
by the rains and streamlets, 
and the process does not at 
first sight seem at all more 
complex than the expression 
used to describe it; yet we 
shall find that^ there are in 
nature many simpler things 
than the rotting away of a 
stone. To efffect such a re- 
sult, there came into play a ^^^^^ OF kiagaea. 
whole category of agencies^ chemical and mechanical, combined in 
their operations, and blended in their effects. 
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338. A rock is said to undergo a chemical change when one or more 
of its component parts passes from one state of combination into 
another — as, for instance, when a mineral absorbs oxygen, and, from 
the condition of a protoxide, changes into that of a peroxide ; or, 
parting with its silic acid, it takes an equivalent amount of carbonic 
add, and in place of a^ silicate becomes a carbonate. Kow these, and 
similar metamorphisms, are chiefly produced by water permeating 
through the rocky mass, and thus no sooner does the old combination 
cease, than the new one which replaces it is dissolved by the slowly 
filtering water, and carried away either to greater depths, or to the 
surface. Every drop of water, therefore, that finds its way through the 
rock, carries away an infinitesimal portion of the mineral matter, 
and the stone is constantly undergoing decay. 

339. A common source of the decay of rocks arises from the perco- 
lations through them of water charged with carbonic acid. Decom- 
posing vegetation gives off a large amount of this gas, which is readily 
absorbed by rainwater. The water sinks into the ground, filtering 
through cracks and fissures in the rocks, whence it afterwards re- 
emerges in the form of springs. 
Now, wherever in its passage 
through these subterranean 
rocks the water meets with 
any carbonate, the carbonic 
acid contained in the liquid 
immediately begins to dissolve 
out the mineral matter, and 
carries it eventually to the 
surface. 

340. Arrived at the surface, 
the rapidity of evaporation 
often causes a re-deposit of 
mineral. If it is lime, a white 
crust gathers along the sides, 
of the stream, delicately enveloping grass stalks, leaves, twigs, snail- 
shells, and other objects. Such ''petrifying" springs, as they are 
erroneously termed, occur abundantly in our lime-etone districts. 
Jt should be borne in mind, however, that they only produce an 
incrustation round the organic nucleus, and do not petrify it. 
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That alone is a true petrifaction where the eubstance is literally 
Jbssilized, or turned into stone, 

341. A familiar instance of a similar chemical process may be seen 
under many a bridge^ and along the vaulted roof of many an old castle. 
Numerous tapering stalactites hang down from between the joints of 
the masonry resembling icicles, often of a dazzling whiteness. They 
are formed by the percolation of carbonated water through the mortar 
of the joints, the carbonate of lime thus withdrawn being deposited 
where the water reaches air and evaporates. In some cases, where the 
^supply of water is too great for the amount of evaporation, part falls on 
the floor, and being there dissipated leaves behind a slowly gathering 
pile of lime called stalagmite. In some of the Eastern grottoes, the 




DISINTEGRATED GRANITE. 

pillars from the roof have become united to those on the floor, 
forming the most exquisite and fairy-like combinations of arch and 
pillar. 

342. Among the mineral substances that most readily yield to the 
action of the weather are the silicates and the carbonates. The rocks 
containing the former belong in large measure to what we call the 
igneous class, such as the granites and traps; while those containing 
the latter from the bulk of our useful stones, such as limestone 
and sandstone. The removal of alkaline silicates is due to theur 
conversion into carbonates, which are readily soluble in water. 
Bain falling on a rock in which they are largely present dis- 
solves in small portions, and carries it into the soil or into streams, 
and thence to the ocean. Every shower in this way withdraws a 
minute amount of mineral matter, and tends to cause t\\^ V)As^«tt 
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insoluble grains of the rock standing out on the surface in the form 
of loose pulverulent crust. The debris thus formed^ where allowed 
to accumulate^ makes an excellent soil known to the Scottish farmers 
as rotten rock, 

343. The tourist who has visited any of our granitic districts, such 
as the south-western parts of Cornwall, the rugged .scenery of Arran, 
on the hills of the Aberdeenshire Highlands, must be familiar with 
some of the forms of waste which the rocks of those regions display. 
Mouldering blocks, poised sometimes on but a slender base, and eaten 
away into the most fantastic shapes, abound in some localities, while 
in other parts, as for instance at the summit of Goatfell in Arran, the 
rock weathers into a sort of rude masonry, and stands out in its 
nakedness and ruin, like some crumbling relic of art.* 

344. Wliat effects have Gases upon the Organic and 
Inorganic substances on the Surface of the Earth 

The wasting effects of the atmosphere are the preparatory 
processes by which earthy materials are provided for rains, 
rivers, and the sea, to transport and deposit in new foi'ms 
and situations, 

345. The disintegration of granite is one of the striking 
effects of carbonic acid; it has been observed especially 
in large districts of Auvergne, especially in the neigh- 
bourhood of Clermont. This decay was called the "malady 
of granite," and the rock may with propriety be said to- 
have the rot, for it crumbles to pieces in the hand. The 
phenomenon may, without doubt, be ascribed to the 
continual discharge of carbonic acid gas from numerous 
fissures. 

d46. In some instances, rounded blocks of gneiss, which 
have all the appearance of solidity, have been so disin-^ 
tegrated by carbonic acid as readily to fall to pieces. 

347. The chemical effects of the atmosphere are evident 
in buildings, on the faces of tomb-stones, which they 
• GeiUe'fl « Story of a Boulder." 



PHYSICAL GEOGBAPHY, AND GEOLOGY. .103 



*' How excellent Is thy loving kindness, God ! tberefore the childrec of 
men put their trust under the shadow of Thy wings."— >Psaijc xxxvi. 



corrode until the inscriptions become obscure, and on 
the surfaces of various rocks. The same process which 
slowly reconverts the mortar of walls into carbonate of 
lime, frequently causes the pulverization and bursting of 
the bricks, in consequence of the expansion of the small 
masses of lime which they contain. 

348. The surface of bricks is often covered with a saline 
efflorescence^ which is generally nitrate of lime, but some- 
times muriate of soda. The surface of the yellow lime- 
stone near Doncaster is sometimes covered with a nitrous 
efflorescence^ and so is the calcareo-magnesian mortar made 
from it. 

349. Carbonic acid gas is tahen up hy plants of every 
kind from the atmosphere, and, in the solid form of leaves, 
stalks, fruits, scales, roots, &c., contributes annually a 
large amount of carbonaceous matter to the surface of the 
«arth. The importance of this transformation of gas into 
the solid form will be gathered upon reference to the 
extensive coral formations, to be explained hereafter. 

350. Oxygen is constantly entering into various com- 
binations with metals and minerals, to which it is supplied 
by the atmosphere, but far more abundantly from water, 

351. It is calculated that oxygen constitutes fifty per cent, of 
the ponderable matter of the globe, and that the crust of the earth 
contains forty-five per cent, of silica, and ten or twelve of alumina. 
Potassa contributes only seven per cent, of the unstratified rocks, 
but forms a considerable ingredient in many of the stratified forms ; 
^soda nearly six per cent, of some basalts, and other less extensiye 
-unstratified deposits, and enters largely into the composition of the 
•ocean. Lime and magnesia are disseminated almost imiversally, in 
the form of silicates and carbonates. Iron, as an oxide, sulphuret, 
or carbonei, constitutes at least three per cent, of all known rocks ; 
And manganese forms about one per cent,* 
* Richardson. 
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352. Whi/ do Cathedrals, and other stone edifices, Decaij 
Unequally on their Different Sides? 

Because the stones of which they are built are affected 
by the corrosive action of heat and moisture. In northern 
zones these influences operate mostly on the south and 
west fronts of buildings, and in consequence those fronts 
decay most rapidly. This is remarkably the case with 
the grand Cathedral of York, built of magnesian lime- 
stone, which is in many places quite consumed on these 
fronts, but comparatively uninjured on the northern face. 

353. The exterior of most nncrystalline rocks and buildings seems 
to be slowly eaten away by the moisture and carbonic acid of the 
air; but the influence of this destructive agent is most remarkable 
among the felspathic rocks, whether like granite they are originally 
crystalline, or like millstone grit composed of fragmented masses. 
The felspathic portion of the hypersthene rocks of Carrock Fell is 
so wasted that the crystals of hypersthene and magnetic iron are 
projected from the surface considerably. Some greenstone dikes are 
thus entirely decomposed to great depths from the surface ; and whole 
rocks of granite, secretly rotten, wait only for an earthquake or a 
water-spout to be entirely reduced to fragments. 

354. Both carbonic add and oxygen act very decidedly upon the 
metallic, and particularly the ferruginous ingredients of rocks, and 
thus swell and burst them to pieces. Sometimes, however, this 
very cause seems to harden and bind together the rock, and to 
render it more durable; and in general there is no certain test of 
the durability of any stone but experience under the same circum- 
stances. The Bath stone, so permanent among its native hills, 
perishes in the salt air of Norfolk; and few calcareous free-stones 
of any kind long resist the carbonaceous atmosphere of London.* 

355. What are the most striking Effects of Bains upon 
the Earth's Surface? 

They are most manifest in countries subject to the 
greatest excess of precipitation. On the south face of 

» Phillips. 
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the Kahsia, or Garrow Mountains, in Eastern Bengal, 
the depth of the rain-fall annually amounts to more than 
oOO inches, — and nearly all of it poured down in six 
months, — nearly twenty times as much as falls in Great 
Britain in a year. The channel of every torrent and 
river is swollen during the rainy season, and much sand- 
stone horizontally stratified^ and other rocks, are reduced to 
sand and gravel by the flooded streams. So great is the 
superficial waste, that what would otherwise be a rich 
and luxuriantly wooded region, is converted into a wild 
<ind barren moorland, 

356. The winds that have discharged these rains then 
blow northward across the Valley of the Brahmapootra, 
and at length arrive so dry and exhausted at the Bhootan 
Himalaya, that those mountains, up to the height of 5000 

feet, are naked and sterile, and all their outer valleys arid 
and dusty. But the aerial current, still continuing its 
northerly course and ascending to a higher region, becomes 
further cooled, condensation again ensues, and a gentler 
precipitation takes place, and Bhootan, above 5000 feet, is 
densely clothed with vegetation. 

357. Wliat is the cause of " Land-slips V^ 

They frequently result from the softening of the earth 
by heavy rains. In the neighbourhood of the Sikhim 
Mountains land-slips frequently occur, extending three or 
four thousand feet along the face of the mountains, qot[i- 
'posed of granite, gneiss, and slate, descend into the beds of 
streams, and dam them up for a time, causing temporary 
lakes, which soon burst their barriers. 

358. Day and night are heard the crashing of falling 
trees, and the sound of boulders thrown violently against 
each other in the beds of torrents. By such wear and tear 
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rocky fragments swept down from the hills are in pavtr 
converted into sand and fine mud ; and the turbid Ganges, 
during its annual inundation, derives more of its sediment 
from this source than from the waste of fine clay of th& 
alluvial plains below.* 

S59. In attempting to ford a stream, the water, which percolates- 
through the sand at a very rapid pace, dug out the sand beneath our 
feet in a second or two, and we were soon sunk so deep that we were 
glad to relinquish the attempt before we got half-way over ; the man who 
preceded me was only thigh-deep, but the disturbance caused by his 
feet made it breast-deep for me. These said rivers remove vast masses 
of disintegrated rock before it is fine enough to form soil. The parti- 
cles which struck against my legs as I was fording impressed me with. 
an idea of the amount of matter removed by every freshet. In rivers 
where much attrition is going on, as for instance in the Yaal River,, 
when that is slightly in flood a person diving to the bottom may hear 
tJiousands of stones knocking against each other* This process, being 
carried on for hundreds of miles in different rivers, must have an effect 
greater than if all the pestles and mortars and mills of the world were 
grinding and wearing away the rocks, t 

360. What is the origin of Eivers? 

All rivers originate in the precipitation of water in various 
forms from the atmosphere, and their magnitude bears 
proportion to the area of country which they drain, and 
the amount of water precipitated by the atmosphere 
over the area. The sources of the water forming rivers 
are these :— 

1. Bain, snow, and hail falling and being drained ofT, 
without penetrating the soil ; and watery vapours, which 
become condensed upon the earth's surface. 

2. Springs produced by rain-water, which has penetrated 
the ground, accumulated in subterranean channels, and at 

• Hooker's "Himalayan JoumaL'* 

fDr. liTfaxgitone's ** Missionary Trarela and Researches in South Africa." 
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length, after filtration through the earth, escapes at the 
surface. 

3. From the meltings of snow and ice on the summits 
of mountains during the warmer seasons. 

4. And water which oozes out at low levels from a wet 
soil in innumerable rills, not traceable to springs delivering 
41 visible volume of water. 

dGl. The whole extent of land drained by a river, including all itA 
branches and tributaries, is its basin. Adjoining basins are divided 
from each other by tracts of land more or less elevated, and this land 
forms the water'Shed or water-parting — meaning the boundary 
between some other and adjoining river basin. When the water-shed 
line of a river basin is sufficiently lofty to receive and retain abundant 
£now, it acts as a reservoir, and a store of moisture in the form of 
snow is stored up during the cold season. As the summer advances 
the snow melts, and the river is thus supplied during the warm and 
dry season, the supply being proportionate to the accumulation of 
snow. 

362. Whi/ do Rivera Drain the Waters of the Land into 
the Sea ? 

Because, in those parts of the earth subject to river- 
•drainage, the precipitation is greater than the evaporation ; 
thus, the amount of water borne down by every river that 
runs into the sea may be considered as the excess of the 
precipitation over the evaporation that takes place, in the 
valley drained by that river. 

363. This excess comes from the sea ; the winds convey 
it to the interior ; and the forces of gravity, dashing it 
along in mountain torrents or gentle streams hurry it back 
to the sea again. 

364. In other parts of the earth, the evaporation and precipitation are 
exactly equal, as in those inland basins such as that in which the city of 
Mexico, Lake Titicaca, the Caspian Sea, &c., are situated, which basins 
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have 710 ocean drainage. If more rain fell in the valley of the 
Caspian Sea than is evaporated from it, that sea would finally get full 
and overflow the whole of that great hasin. If less fell than is 
evaporated from it again, then that sea, in the course of time, would 
dry up, and plants and animals there would all perish for want of 
water. 

365. The surface of the Caspian Sea is more than 83 feet below 
the level of the ocean, in its lowest part, and has an area of 
18,000 square miles — nearly equal to the area of Spain. In Europe 
alone it drains an extent of 850,000 square miles, receiving the Volga 
and the Ural, and other g^reat rivers of the north. It has no tide, and 
its navigation is dangerous from heavy gales, especially from the 
south-east, which drive the water miles over the land ; a vessel was 
stranded in one of these storms 46 miles in land from the shore. It is^ 
600 feet deep to the south, but is shallower to the east, where it is- 
bounded by impassable swamps many miles broad. It is evident, from 
the saline nature of the soil and the shells it contains, that the plains 
round the Caspian, the Lake Ural, and the Steppes, even to the Ural 
Mountains, had once formed part of the Black Sea; 57,000 square 
miles of that country are depressed below the level of the ocean — 
a depression which extends northwards beyond the town of Saratow, 
300 miles distant from the Caspian.* ^ 

366. Wht/ does the Condensation of Clouds by Mountain- 
tops JEconomtse the Advantages derivable from Rain ? 

In consequence of the effects of mountains in cooling 
currents of moist air, and causing the condensation of 
aqueous vapour in the manner above described, it follows 
that in every country, as a general rule, the more elevated 
regions become perpetual reservoirs of water, which descends 
and irrigates the lower valleys and plains. 

367. The largest quantity of water is first carried to 
the highest region, and then made to descend by steep 
declivities towards the sea ; so that it acquires superior 
velocity, and removes more soil then it would do if the 

* Mrs. Somerville. 
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rain had been distributed over the plains and mountains 
equally in proportion to their relative area. The water 
is also made by this arrangement to pass over the greatest 
distances before it can regain the sea. 

368. The mechanical force exerted by running T^ater in undermining 
cliffs^ and rounding off the angles of hard rocks, is mainly due to the 
intermixture of foreign ingredients. Sand and pebbles, when hurried 
along by the violence of the stream, are thrown against every obstacle 
lying in their way, and thus a power of attrition is acquired, capable 
of weai'ing away the hardest silicious stones, on which water alone 
would make little or no impression.* 

369. Why are the Waters of Rivers sometimes ^^ Black 
Waters?'' 

The peculiar colours displayed by various rivers are 
probably due to a solution of carburetted hydrogen, to 
the luxuriance of vegetation, and to the quantity of plants 
and herbs on the grounds over which they flow. 

370. These " black waters" several times occur in the upper portion 
of the basin of the Oronoco and its tributaries. The Atabasso, whose 
banks are adorned with Carolinias and arborescent Melastomas, and 
the Temi, Tanmini, and Guaiula are all rivers of a coffee- brown 
colour. In the shade of the palm groves this colour seems to pass 
into almost ink-black. When placed in transparent vessels, the water 
appears to be of a golden yellow.* 

371. But there are various other causes imparting peculiar charac- 
teristics to the waters of rivers. It is well known that the stream of 
the Mississippi is charged with sediment of a different colour from that 
of the Arkansas and Red Rivers, which are tinged with red mud, 
derived from rocks of porphyry in " the far west.*' The waters of 
Uruguay, says Darwin, draining a granitic country, are clear and black; 
those of the Parana red. The mud with which the Indus is loaded 
is of a clayey hue ; that of the Chenab, on the other hand, is reddish; 
that of the Sutlej is paler. 

372. The same causes which make these several rivers, sometimes 

• Sir C. Lyell. t Humboldt. 
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uttuftted at no great dittance the one from the other, to differ greatly 
in the cbaraeter of their nedfanenti, will make the waters draining the 
Mine oonntry at difBsrent flpodiiy especially before and after great 
rerolntiona in physical geography, to be entirely dissimilar. 

378. Marine currents will be affected in an analogous manner, in 
conseqnenee of the formation of new shoals, the emergence of new 
islands, the subsidence of others, the gradual waste of neighbouring 
coasts, the growth of new deltas, the increase of coral ree&, and 
other changes.* 

374. What natural Advantages are derived from Lakes ? 

Being the sources of some of the largest rivers, they 
are of great importance for inland navigation, as well as 
for irrigation ; by their constant evaporation, they main- 
tain the supply of humidity in the atmosphere^ so essential to 
vegetation^ and they beautify the country. 

375. Why do Lakes tend to Equalize the Flow of Waters 
in Rivers? 

Because they act as reservoirs. There are no less than 
94,000 lakes in connection with the drainage basin of 
the River St Lawrence, which is estimated to be equal 
to 297,600 geographical square miles ; and the river, there- 
fore, has a very equable flow in all seasons. 

376. On the contrary, where no lakes exist, inundations 
take place on every considerable increase of the volume 
of water to be discharged. 

377. In what way does the Soil tend to Equalize the 
Discharge of Water by Rivers? 

The soil, by its porosity, acts as a reservoir, and its 
gradual drainage equalizes the flow of the rivers. In 
climates where there is no broad division of the year into 
^ rainy" and ^' dry" seasons, and where the high snow-flelds 
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are not largely developed, the rivers are subject to 
no material irregularities, excepting those which some- 
what rarely result from long-continued drought or rains. 

378. What are the distinctions between Cataracts and 
Cascades ? 

A cataract is a large mass of water precipitating itself in 
one or more unbroken sheets from top to bottom of a preci- 
pice. By a cascade is 
meant a succession of 
falls, or the leaping of 
water from rock to rock 
in its descent, as down 
a flight of steps. 

379. The loftiest cata- 
ract in the world is to be 
found in the Yohanite 
Valley, California, where 
as large a river as the 
Thames at Richmond 
makes a single leap of 
2100 feet perpendicular, 
the total height of the 
fall being 3100. 

380. The Falls of Niagara, in Canada, form two splendid 
cataracts, one of which has a descent of 158 feet, the other 
of 164 feet. The traveller to the Falls hears at the distance 
a deep booming sound, and this becomes louder until he 
stands in view of the bewildering cataract which an ob- 
server thus describes : — 

381. So entirely was I unprepared for the enormous volume of 
water, that,, in the weakness of my comprehension and inability to 
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grasp the scene, I was unwilling to turn my aching eyes from the 
glorious spectacle, apprehending it could only endure for a season, and 
that the overwhelming rush of water must speedily cease. But, as 1 
gazed with trembling anxiety, and marked no change beyond the 
masses of spray clouds^ swayed by the wind across the mighty sheet 
which ever retained its sublime proportions, the truth began to force 
itself upon me ; that for thousands of years the waters had been falling, 
by day and night, at all times and seasons, ever sounding, in a voice 
which, once heard, can never be forgotten, the praise of Him who bade 
them flow. Here, indeed, may be felt the beauty of the words in our 
canticle, " O ye seas and floods, bless ye the Lord, praise Him, and 
magnify Him for ever !" — and it was probably with feelings of deep 
awe that the Indian of olden time, worshipping the Great Spirit, gave 
the peculiarly appropriate name " O- Ne-aw-ga-rah," the "Thunder 
of Waters," to this matchless scene. It is indeed eloquent ''as with 
the voice of a great multitude — the voice of many waters — the voice 
of many thunderings, saying, 'Alleluia, for the Lord God omnipotent 
reigneth.' " 

382. WIij/ 18 the Noise of the rushing torrents of Cataracts 
Greater by Night than in the Day? 

of heated ascending air, by 
causing irregular density 
in the elastic medium, 
impede the propagation 
of sound during the day 
by the disturbances they 
occasion in the waves of 
sound ; whereas during 
the nocturnal cooling of 
the earth's surface, the 
upward currents cease. 

383. One of the grandest 
efifects of Alpine scenery arises 
from the immense bodies of 
water either flowing into lakes, rushing wildly off into impetuous 



Probably the currents 
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rivers, or flinging themselves over towering precipices and falling 
hundreds of feet in foaming cataracto* Of these the most remarkable 
are the Reichenbach, which, rising at the foot of the Wetterhorn, 
fall down the side of Mount Sheidec to the depth of 400 feet, and 
the Staubbach, which rolls perpendicularly from so vast a height 
as to resolve itself into a cloud of spray that looks like dust, from 
which it has received its name, meaning a spring of dust. The 
perpendicular height of this fall is said to be 930 feet. Filling up 
many of the chasms of the Alpine mountains, are vast bodies of 
frozen water, that appear to have been lashed into frightful storms 
and then converted into ribs of ice, the crested waves standing as 
they last rose, fixed in motionless rigidity. These glaciers or frozen 
seas form some of the most sublime and wonderful sights in these 
mountains. 

384. The most remarkable effect of a cascade is that ceaseless 
undermining of its hose and sides, and consequent rupture of the 
fipout or edge of the fall, which causes by slow degrees the cascade to 
retire farther and farther up the mountain side, and produces those 
awful and still deepening portals of impending rocks which so much 
aggrandize the sublimity of a noble waterforce. 

385. This effect may be excellently observed in the carboniferous 
limestone district of the north of England, where so many beautiful 
streams leap from the beds of limestone over perishing shales and 
sandstones, and, rising in foam, sap and undermine the base of a large 
semicircular cliff, till at length the solid limestone crown gives way, and 
the insatiable river renews its destroying attacks. The same thing is 
seen in many of the Swiss waterfalls, particularly in the manifold falls 
of the Geissbach. 

386. Sir C. Lyell ingeniously applies the acknowledged fact of the 
recession of the Falls of Niagara, which appear to have been pushed 
back several miles, at the rate of forty or fifty yards in fifty years, to 
the possible discharge hereafter through the St. Lawrence, of the waters 
of Lake Erie. Such a discharge would, of course, occasion a local 
deluge ', but the lake is so rapidly filled up by sediment, that it is a 
question whether it will not become dry ground before the falls of 
Niagara shall have been pushed back so far as to be capable of empty- 
ing it. The fall of the Rhine at Schaffliausen is a grand exhibition of 
the erosive power of water, particularly the wearing of the base of the 
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two island pinnacles of limestone which now stand proudly in th& 
midst of the currents, bnt will eyentually be hurled down the thunder- 
ing cataracts. 

387. What are Olaciers? 

They are rivers or fields of ice, which accumulate in 
elevated regions, through the freezing and accumulation of 
snow. The frozen mass of snow upon mountain heights 
above the snow-line, augmenting from year to year, would 
add indefinitely to the altitude of mountain summits, were 
it not relieved by its descent through the larger and deeper 
mountain valleys to regions far below the general snow- 
line. 

388. To these it slowly finds its way in the forms of 
rivers of ice, the consolidation of which is produced by 
pressure, and by the congelation of water infiltrated into the 
porous mass, which is always undergoing partial liquefac- 
tion, and receiving in sunmier occasional showers of rain 
on its surface. 

389. In a day of hot sunshine or mild rain, innumerable 
rills of pure and sparkling water run in icy channels along 
the surface of the glaciers, which in the night shrink and 
come to nothing. They are often precipitated in bold 
cascades into deep fissures in the ice, and contribute, to- 
gether with springs, to form torrents, which flow in tunnels 
at the bottom of the glaciers for many a league, and at 
length issue at the extremities from beneath beautiful 
caverns or arches. The waters of these streams are always 
densely charged with the finest mud, produced by the grinding 
of rock and sand under the weight of the moving ice. 

890. The little village of Randa, in Switzerland, is situated in a 
valley beneath a high mountain called the Weisshom, the highest peak 
of which is 9000 feet above the village. This mountain is covered with 
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ice and snow, but at various times ]x>rtions of the vast glacier have 
been loosened and precipitated with tremendous violence into the 
valley. An accident of this sort occurred in 1636, when thirty-six 
persons lost their lives ; and others in 1736 and 1786. On the 27th of 
December, 1819, at six o'clock in the morning, a large projecting part 
of the glacier fell on a mass of ice with a frightful crash. The snow, 
ice, and stones covered the fields below the village for a length of 
about 2400 feet, and a width of 1000 feet. The village itself was not 
injured by the fall, but a frightful hurricane was produced by the 
«udden disengagement of the immense masses of ice : the largest larch 
trees were torn up by the roots ; blocks of ice many feet thick were 
thrown to the distance of half a league beyond the village ; the spire 
of the church was carried away ; the crops were destroyed ; houses 
and other buildings levelled to the ground, and many persons injured 
or killed. Several families were carried away with their houses 
and buried in their ruins, or in the wreaths of snow.* 

391. WJiat are the Effects of Glaciers upon Mountainous 
Countries 7 

As well as forming vast reservoirs of water, which is 
set free as the ice descends to a lower and more tempe- 
rate elevation, glaciers transport gravel, sand, and huge 
stones to great distances, and they smooth, polish, and 
score the rocky channels and the boundary walls of the 
beds through which they pass, so that stones thus polished 
and scoured, when borne to considerable distances by 
natural causes, have excited curiosity and wonder. 

392. All sand and fragments of soft stone which fall through fissures 
and reach the bottom of the glaciers, or which are interposed between 
the glacier and the steep sides of the valley, are pushed along and 
ground down into mud, while the larger fragments have their angles 
worn off. At the same time the fundamental and boundary rocks 
are smoothed and polished, and often scored with parallel furrows, 
or with lines and scratches produced by hard minerals, such as 
crystals of quartz, which act like the diamond upon glass. This 

* Higgins's "Book of Geology." 



116 THE BEASON WHY 



**WiIl a nan leave the snow 0( Lebanon which cometh from the rocks of the 
field? or shall the cold flowing waters that come from another place be forsaken?" 
—Jemmubab xfiXL 



efEsct is perfectly different from that caused by the action of water, 
or a maddy torrent forcing along heavy fragments ; for, when stones 
are fixed firmly in the ice^ and pushed along by it under great 
pressure in straight lines, they scoop out long rectilinear furrows 
or grooves parallel to each other.* 

393. What observations have been made in connection 
with the Descent of Glaciers'^ 

It has been observed that the downward motion tof 
ice from mountains towards valleys is a continuous and 
regular motiouy going on day and night without starts or 
stops. 

1. That it occurs in winter as well as in summery 
though less in amount in the former. 

2. That rain and melting snow accelerate the glacial 
motion. 

3. That the centre of the glacier moves faster than 
the sideSf and that the surface moves faster than the 
bottom, as is the case in the water of a river. 

4. That the motion of the glacier is not prevented, 
nor its continuity hindered, by contractions of the rocky 
channel in which it moves, nor by the inequalities of 
its bed. 

394. The theory of glacial motion is this: — ^That a glacier is a 
plastic mass impelled by gravity, having tenacity sufiicient to mould 
itself upon the obstacles which it encounters, and to permit one 
portion to slide past another without fracture, except when the 
forces are so violent as to produce discontinuity in the form of a 
crevasse, or of a bruised condition of the mass so acted on, that 
the motion of such a mass on a great scale resembles that of a 
river, allowance being made for almost incomparably greater velocity ; 
hence the retardation of the sides and bottom. Finally, diminution 

* Lyell's ♦•Manual cf Geology." 
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of temperature retards its motion, 'whilst warmth and wet produce 
a contrary effect* 

395. Whij does Water Freeze? 

Because, when the latent heat of water is withdraivny 
the atoms composing the fluid arrange themselves in 
groups of crystals. 

396. When a cold current of air passes over the sur- 
face of a lake or stream, it abstracts a quantity of heat, 
and, the specific gravity of the water at the surface 
being thereby increased, the cooled portion sinks. This 
circulation may continue until the whole body of fluid 
has been cooled down to 40^ F., after which, if the cold 
increase, the vertical movement ceases ; the water which 
is uppermost expands and floats over the heavier fluid 
below, and, when it has attained a temperature 32^'Fahr,, 
it seta into a sheet of ice.f 

397. Why is " Ground Ice " sometimes formed? 

It is probable that the mechanical action of a running 
stream produces a circulation by which the entire body of 
water is mixed and cooled throughout; and the whole 
being thus reduced to the freezing point, ice forms at 
the bottom for two reasons — First, because there is less 
motion there ; and secondly, because the water is in 
contact with solid rocks or pebbles, which have a cold 
surface. 

398. According to the law of congelatiou, which governs 
the freezing of water, it would appear impossible that 
ice should ever form at the bottom of a river. Y6t the 
occurrence of ground ice is not unfrequent ; and, in coun- 

* Forbes's "Norway and its Glaciers." 
t See "Reason Why— General Science.'* 
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tries where the intensity and duration of cold are great, 
rivers and torrents acquire an increase of carrying power, 
through blocks of this kind of ice having gravel and 
large stones frozen on to their under surfaces ; they after- 
wards rise to the surface, and bear the stones and gravel 
in the direction of the current, 

399. Why does not Sea-water Freeze f 

Because the saUne matter which sea-water holds in 
solution prevents its congelation^ except where the most 
intense cold prevails. 

400. But the drifting of snow from the land often 
renders the surface water brackish near the coast, so that 
41 sheet of ice is readily formed there ; and by this means 
also a large quantity of gravel is frequently conveyed 
from place to place, and heavy boulders also, when the 
<!oast-ice is packed into dense masses. 

401. In parts of the Baltic, such as the Gulf of Both- 
nia, where the quantity of salt in the water amounts 
in general to one-fourth only of that in the ocean, the 
-entire surface freezes over in winter to the depth of ^yq 
or six feet. Here also stones are frozen in, and after- 
wards lifted up about throe feet perpendicularly on the 
melting of the snow in the summer, and then carried by 
floating ice-islands to great distances. 

402. Professor Yon Baer states, in a communication on this subject 
to the Academy of St. Petersburg, that a block of granite weighing 
-a million of pounds was carried by ice during the winter of 1837-8 
teom Finland to the island of Uockland, and two other huge blocks 
were twmsported about the years 1806 and 1814 by packed ice, on 
the south coast of Finland, one block having travelled about a quarter 
<Qf a mile, and lying about eighteen feet abore the level of the sea.* 

• Sir C. LyeU. 
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403. What effect has Frost upon the Solid Matter of the 
Earth? 

Frost is an important agent in reducing large masses 
to smaller fragments. Some stone, if brought to the sur- 
face in winter full of its "quarry water," will break in 
pieces directly. 

404. What is the origin of Springs ? 

The generality of springs owe their origin to rain and 
atmospheric moisture^ as is evident from the fact that they 
become languid, or entirely cease to flow, after long 
droughts, and again become more active after a continu- 
ance of rain. 

405. The water discharged from the atmosphere per- 
colates loose and gravelly soils, and descends to various 
degrees of depth into the earth, until it meets with an 
impervious bed, where it accumulates as in a reservoir, 
and when it exceeds the capacity of the reservoir it 
oozes out through the most direct opening it can find. 

406. We cannot, therefore, be surprised that springs should be* 
thrown out on the side of a hill whore the upper strata consist 
of chalk, sand, or other penetrable substances, while the subjacent 
are composed of clay or other impervious soils. The only diffi- 
culty, indeed, is to explain why the water does not ooze out every- 
where along the line of junction of the two formations, so as to 
form one continuous land-soak, instead of a few springs only, and 
these far distant from each other. 

407. The principal cause of the springs appearing only at (t 
feio points is, first, the frequency of rents and fissures, which act 
as natural drains; secondly, the existence of inequalities in the- 
upper surface of the impenetrable stratum, which lead the water, 
as ra?ines and valleys do on the external surfiice of a country, into- 
certain low levels and channels. 

408. What is the cause of Mineral Springs ? 

Mineral springs owe their distinguishing qualities to 
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the nature of the mineral beds through which they percolate 
The minerals taken up in solution by waters consist of 
a variety of substances, but chiefly salts, with bases of 
lime, magnesia, alumina, and iron, combined with car- 
bonic, sulphuric, and muriatic acids. Muriate of soda, 
silica, and free carbonic acid are frequently present. 

409. So great is the quantity of muriate of soda in some springs 
that they yield one-fourth of their weight in salt. They are 
rarely, however, so saturated, and generally contain, intermixed 
with salt, carbonate and sulphate of lime, magnesia, and other 
mineral ingredients. The brine-springs in Cheshire are the richest 
in our country, those of Northwich being almost saturated. Those 
of Barton, also, in Lancashire, and Droitwich, in Worcestershire, 
are extremely rich. They are known to have flowed for more than 
1000 years, and the quantity of salt which they have carried into 
the Severn and Mersey must be enormous. These brine-springs rise 
up through strata of sandstone and red marl, which contain huge 
beds of rock salt 

410. The mineral concretions formed by the waters of the Great 
Geyser of Iceland cover an extent of four leagues. This 
curious formation may be seen passing by insensible gradations 
from a loose friable state, the result of a rapid deposition, to the 
most compact and transparent masses, in which impressions of the 
7eaves of the birch tree and portions of the stems are distinctly 
perceptible. Rushes and various kinds of mosses, converted into 
a white silicious rock, in which the minutest fibres are preserved, 
also occur; but on the margin of the Geysers, from the splashing 
of the water, the depositions resemble large cauliflowers; and on 
breaking these masses vegetable impressions are often discovered. 

411. What are Artesian Wells? 

These are wells sunk to a considerable depth in the 
earth, upon a method long practised in Artois, from which the 
name is derived. Experience in boring them shows 
that at various depths in the earth there are sheets, and 
in some places currents, of fresh water. 
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412. The instrument employed in sinking these wells is a large 
auger, and the cavity bored is usually from three to four inches in 
diameter. AVhen a hard rock is met with, it is first triturated by a 
rod of iron, and the materials, being thus reduced to small fragpnents 
or powder, are readily extracted. To prevent the sides thus bored from 
falling in, a jointed tube, either of wood or metal, is inserted. It 
frequently happens that, after passing through hundreds of feet of 
retentive soils, a water-bearing stratum is at length pierced, when the 
fluid immediately ascends to the surface and flows over. The first rush 
of the water up the tube is often violent, so that for a time the water 
plays like a fountain, and then, sinking, continues to flow tran- 
quilly. This spouting of the water, in the first instance, is probably 
oioing to the disengagement of air and carbonic acid gas, for both of 
these have been found to bubble up with the water. From a well at 
Hammersmith the rush of water fr^m a depth of 360 feet was so great 
as to inundate several buildings, and do considerable damage. In 1851 
the total supply obtained from the chalk near London was estimated at 
about twelve million gallons a day, and, as some wells were opened, it 
was found that the level to which the water rose decreased, showing 
the limited capacity of the subterranean reservoir. 

413. WTiat is the ^^Reproductive Agency of Rivers T^ 
Rivers are reproductive when they form alluvial plains 

by depositing the earthy matters of which they denude the 
land along their course. 

414. The Alluvial Plain of the Mississippi begins to be of great 
width below Cape Girardeau^ fifty miles above the junction of the Ohio. 
Here it is about fifty miles broad, south of which it contracts to 
about thirty miles at Memphis, expands again to eighty miles at the 
mouth of the White River, and then, after various contractions and 
expansions, protrudes beyond the general coast-line in a large delta> 
about ninety miles in width. The area of the great plain thus defined 
has been estimated at 31,200 square miles, with a circumference of 
about 3000 miles, exceeding the area of Ireland. 

416. The Delta of the Nile is another grand example of this agency. 
That Egypt was " the gift of the Nile," was the opinion of her priests 
before the time of Herodotus. The configuration and composition of 
the low lands leave no room for doubt that the sea once washed the 
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"He tnrned the sea into dry land: they went through the flood on foot: 
•there did we rejoice in Him."— Psalm IxtL 



base of the rocks on which the Pyramids of Memphis stand, the pre- 
sent base of which is washed by the inuiidation of the Nile^ at an eleva- 
tion of seventy or eighty feet above the Mediterranean. The distance 
between Memphis and the most prominent part of the delta, in a 
.straight line north and south, is about 100 geographical miles ; the 
length of the base of the delta is more than 200 miles, if we follow the 
coast between the ancient extreme eastern and western arms ; but as 
these are now blocked up, that part only of Lower Egypt which inter- 
venes between the Rosetta and Damietta branches is usually called the 
Delta, he coast line of which is ninety miles in length. 

416. Lakes exert a like reproductive agency, but the strata formed 
'by lakes, unlike those deposited by rivers, remain in the greater part 
covered by water, until changes in the earth's configuration occur, by 
which the water is withdrawn. The most characteristic distinction 
between the deltic deposits of lakes and rivers consists in the nature of 
the organic remains which become embedded in them, for in the case of 
A lake it is obvious that these must consist exclusively of such genera of 
animals as inhabit the land or the waters of a river or lake ; whereas, 
in the other case there will be an admixture, and most frequently a 
predominance, of animals which inhabit salt water. 

417. It is thus that, to some extent at least, the encroachments 
of the sea upon the land are compensated. Imperfect as is our 
information of the changes which deltas have undergone within the last 
three thousand years, they are sufficient to show how constant an inter- 
<:hange of sea and land is taking place. In the Mediterranean alone, 
many flourishing inland towns, and a still greater number of ports, now 
«tand where the sea rolled its waves since the era of the early civiliza- 
tion of Europe. If we could compare with equal accuracy the ancient 
and actual state of all the islands and continents, we should probably 
discover that millions of our race are now supported by lands situated 
wJiere deep seas prevailed in earlier ages. In many districts not yet 
occupied by man, land animals and forests now abound where ships 
once sailed ; and, on the other hand, we shall find that inroads of the 
ocean have been no less considerable.* 

418. What are Deltas? 

The waters receding from the land generally fall 
off on three sides, leaving the land in a triangular form, 

• Sir a LyelU 
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**As the waters fail from the sea, and the flood decayeth and drieth up." — 
Job xiT. 



which, being the form of the letter A of the Greek alpha- 
bet, takes the name of delta. These deltas constitute plains, 
rendered fertile by the waters of the rivers by which they 
are formed, as the Nile, the Mississippi, &c. 

419. The original cause of a delta is sometimes a natural 
obstacle, which splits the stream into two branches, but it 
more commonly results from a bank deposited by the river 
itself. 

420. A vast quantity of earthy and other matter is conveyed towards 
the sea by rivers. The Ganges has been computed to deliver into- 
the sea annually 534,600,000 tons of solid matter; the Mississippi 
292,700,000; and the Irawadi 102,500,000. No wonder, then, that in 

the course of ages deltas should 
accumulate. The deltas of the 
Mississippi and the Lena carry 
out the rivers to great distances, 
and form very projecting points, 
that of the Mississippi in par- 
ticular, which is singularly 
ramified, and in which the main 
channel prolongs itself, on land 
of its own formation, like the claw of some web-footed bird, far 
into the Gulf of Mexico, being increased by immense quantities of 
drifted trees, which meet together, and form a vast floating mass. One 
of these, in 1816, was estimated to contain upwards of 250,000,000 
cubic feet of timber, accumulated, in consequence of some local 
obstruction, in only 38 years.* 

421. Wlij/ are the Waters of Streams and Rivers less^ 
rapid at their Sides than in their Centres? 

Because the water that runs at the sides is retarded hy 
fnction against the hanks. So, also, the stream at the bottom 
is retarded, and the greatest velocity is at the centre and on 
the surface of a stream. (There may, however, be local or 
accidental currents that exhibit exceptions to this rule.) 

« Ilcrschel. 
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** He divideth the sea with His power, and by His understanding Ho smiteth 
through the proud.'*— Job xxvL 



I 



When the velocity is sufficiently great, the soil composing 
the sides and bottom gives way. A velocity of three 
inches per second at the bottom is sufficient to tear up fine 
clay ; six inches per second, fine sand ; twelve inches per 
second, fine gravel; and three feet per second, stones of 
the size of an egg. 

422. But a question naturally arises, bow the more tranquil rivers of 
the valleys and plains, flowing on comparatively level ground, can 
remove the prodigious burthen which is discharged into them by their 
numerous tributaries, and by what means they are enabled to convey 
the whole mass to the sea ? If they had not this removing power their 
channels would be annually choked up, and the valleys of the lower 
country, and plains at the base of mountain chains, would be 
constantly strewed over with fragments of rock and sterile sand. 

423. But this evil is prevented by a general law reg^atlng the con- 
duct of running water — that two eqtuil streams do not, when united, 
occupy a bed of double surface. Nay, the width of the principal river, 
after the junction of the tributary, sometimes remains the same as before, 
or is even lessened. The explanation is afforded by the fact, that the 
addition of a smaller river augments the velocity of the main stream, 
often in the same proportion as it does the quantity of water. The 
cause of the greater velocity is, first, that after the union of two rivers 
the water, in place of the friction of four shores and two beds, has 
only relatively h^lf the amount of friction to overcome. And further, 
the main body of the stream being more distant from the banks, flows 
on with less interruption. And lastly, because a greater quantity of 
water moving more swiftly digs deeper into the river's bed. By this 
beautiful adjustment, the water which drains the interior country is 
made continually to occupy less room as it approaches the sea, 
and thus the most valuable part of our continents, the rich deltas, 
and great alluvial plains are prevented from being constantly 
under water. 

424. What causes the formation of Estuaries ? 

The formation and keeping open of estuaries are due to 
the combined influence of tidal currents and rivers; for when 
the tide rises a large body of water suddenly enters the 
mouth of the river, where, being confined within narrower 
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** From the rising of the tun tinto the gohig down of the lame, the LonVs 
name is to be praised."— Psauc cvii. 



bounds, while its momentum is not destroyed, it is urged 
on, and having to pass through a contracted channel, rises 
and runs with increased velocity, just as a stream when it 
reaches the arch of a bridge scarcely large enough to give 
passage to its waters, rushes with a steep fall through the 
arch. 

425. During the ascent of the tide, a body of fresh water 
flowing down in an opposite direction from the higher 
country is arrested in its course for several hours ; and 
thus a large lake of fresh and brackish water is accumu- 
lated, which when the sea ebbs is let loose, as on the 
removal of an artificial sluice or dam. By the force of this 
retiring water, the alluvial sediment both of the river and of the 
sea is swept away, and transported to such a distance from 
the mouth of the estuary that a small part only can return 
with the next tide.* 

426. What is meant by ^^ Valleys of Denudation ?*^ 

By this term is understood valleys enclosed between hills, 
the strata of which corrqspond exactly, so that ^Ac valley 
has evidently been scooped out from, their substance, 

427. If you discovered among the rains of a city fragments of wall, 
recurring at intervals, and standing in the same line, and if upon 
closer examination you ascertained that the different portions were 
built of the same materials, in precisely the same order, so that rows of 
brick, travertine, and tufo succeeded one another at intervals through- 
out, and with corresponding dimensions, assuredly you would conclude 
that the different fragments had originally formed one continuous 
wall, and that the breaches interposed were the result of time or 
violence.! 

428. We are forcibly impressed with the slowness of these operations 
at the present day. Lakes are ascertained to shoal up in the propor- 
tion of only a foot in a century ; and the deposits of the sea are known 
to be correspondingly tardy of accumulation. Hence we find, that 

• Sir C. LyelL 

t Wlaenuin'i ** Connexion between Science and Bevealed Religion." 
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*' For thus Baith the Lord, Te ahall not see wind, neither shall ye see rain ; 
yet that valley shall be filled with water, that ye may drink, both ye, and your 
cattle, and your beasts.*— *i Kikgs iii. 



daring the entire historic period the physical geography of our globe>. 
with the exception of local and minor modiiicationS; has remained un- 
altered. The oceans, rivers, lakes, and mountains recorded in Scrip- 
ture form the physical features of the same regions at the present day ; 
the ocean which Caesar crossed still separates the Briton from tho 
Gaul; the same rivers water the capitals of the same countries of 
Europe ; while the same Vesuvius, which overwhelmed Herculaneum 
and Pompeii, still threatens the surrounding districts ; and the same 
submarine volcanic agency which alarmed the Roman people continues^ 
in activity, and produces similar phenomena at the present day.* 

429. To see rain-and-Ume-ploughed furrows winding in uncertain 
directions over the horizontal lime-stones on a hill top, like a slow river 
on a level plain, but running a straight downward course on the slopes, 
like a stream descending from its parent mountains, is enough to- 
impress on every beholder a secure conviction that the excavation 
of valleys must he explained on similar principles; that, as the feeble 
currents of descending rain, aided by atmospheric action through a long 
course of time, have been sufficient to plough their little courses, so the- 
greater action of existing streams has been sufficient to work out their 
actual chanriels, though the excavations of the broad valleys in which 
they run may have been accomplished by more violent and voluminous 
waters, flowing in directions predetermined by ancient subterranean 
movements. 

430. It is probable that the slow but incessant action oj rainy. 
beating perpetually on the hard and soft surfaces of the earth, and 
removing grain by grain the materials loosened by the corrosion of 
gases, or the expansive agency of frost, may be, in a long series of 
years, more important in its effects than the violent water-spout, or the 
ravaging inundation of a bursting lake.t 

431. What 18 meant by *^ Valleys of Dislocation?'^ 
These are caused by fissures of yarious dimensioDS, some 
of colossal size, which have been found during the 
upheaval and separation of the strata in the region of 
which they form a part. They frequently present steep 
escarpments, the strata on each side frequently bearing 
evidence of former continuity. 

» Richardson. f Phillips. 
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" The high hills are a refuge for the wild goats, and the rocks for the coiiies." 
-PiAUi civ. 



432. Besides these are *^ Valleys of Undulation,** produced by two 
neighbouring elevations, which, by lifting the strata on each side 
without occasioning a fracture or dislocation, have left a valley between, 
towards the middle of which theur places are inclined, and of which 
they form the sides ; and " Valleys of Elevation " which owe their 
origin to the circumstance that certain beds, having been originally 
raised in the form of a wave, have subsequently been exposed to the 
tuition of water and that a peculiar stratum harder than the rest, 
having resisted the abrading force, has formed a valley, as it were, lying 
in the breast of the elevation.* 

433. What is the cause of Ravines? 

Ravines may be caused by the splitting of rocks or earth 
during the upheaval of underlying strata, or by the denU' 

dation of rocks, by the 
washing away of loose 
earth filling the inter- 
spaces. They frequently 
occur in countries from 
which forests have been 
recently removed, and the 
exposure of the previ- 
ously shaded earth to the 
heated rays of the sun 
gives rise to extensive 
earth-cracks. When these 
cracks are subsequently 
acted upon by streams of 
water they become beds 
for rivers, and sometimes 
they widen and deepen 
to such an extent as to 
present the seat of 
new valleys, 

•Richardson. 
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"Speak to the earth, and it shall teach thee; and the fishes of the sea 
shall declare unto thee.'*— Job xii. 



434. In regard to the transporting power of water acting upon 
ravines, the beds of riTers, &c., we may often be surprised at the 
facility with which streams of a small size, and descending in a slight 
declivity, bear along coarse sand and gravel ; for we usually estimate 
the weight of rocks in ah', and do not reflect on the compensative 
buoyancy when submerged in a denser fluid. The specific gravity of 
many rocks is not more than twice that of toater, and very rarely 
more than three, so that almost all the fragments propelled by a stream 
have lost a third, and many of them half of what, we usually term 
their weight.* 

435. WJij/ are Sea-shells found upon various Mountains 
in Great Britain? 

Because at an unknown period the island was submerged — 
at least a height of 1700 feet, which now towers above 
the sea, was then concealed in the bosom of the ocean. 

436. The proofs lie plain and palpable before our eyes in the soft 
detrital masses, mixed in many places with marine shells. Gravel, 
sand, and common salt are widely spread over the lower regions of the 
island. The two former are found in some places at a very great 
height; in Argyleshire at about 1200, and in Wales at 1500 feet. 
In every valley in Scotland there are great tracts of gravel mixed with 
sand, forcing upon attention the fact of the former submersion of the 
land under the sea. When the sea stood from 1200 to 1500 feet above 
its present level, what was Britain ? An archipelago of mountain 
islets, extending between Wales and Sutherland.t 

437. Why have we reason to believe that all Land Surfaces 
have been Subject to the Action of Water? 

Because no new strata are thrown doum on dry land, which 
remains nearly the same from year to year ; whereas, in 
many parts of the bottom of seas and lakes, mud, sand, and 
pebbles are annually spread out by rivers and currents. 
There are also great masses of limestone growing in some 
seas, or in mid-ocean, chiefly composed of corals and 
iriiellis. 

« Sir C. LyelL f Chnnibers*8 ** Ancient Sea Margins." 
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** And the waters prevailed exceedingly npon the earth, and all the high hills 
that were under the wnole hearen were covered."— Oonsn viL 



438* The dry land is, indeed, exposed almost everywhefe to gradual 
waste. Forests may be as dense and lofty as those of Brazil, and may 
swarm with quadrupeds, birds, and insects; yet at the end of ten 
thousand years, one layer of black mould a few inches thick may be 
the sole representative of those myriads of trees, leaves, flowers, and 
fruits — those innumerable bones and skeletons of birds, quadrupeds, 
and reptiles which tenanted the fertile region. Should this land be at 
length submerged, the waves of the sea may wash away in a few hours 
the scanty covering of mould, and it may merely impart a darker 
shade of colour to the next stratum of marl, sand, and other matter 
newly thrown down. 

439. So, also, at the bottom of the ocean, where no sediment accu- 
mulates, seaweed, zoophytes, fish, and even shells may multiply for 
ages and decompose, leaving no vestige of their own form or substance 
behind. Their decay in water, although more slow, is as certain and 
eventually as complete as in the open air.* Nor can they be perpetu- 
ated for indefinite periods in a fossil state, unless imbedded in some 
matrix which is impervious to water, or which at least does not allow a 
free percolation of that fluid, impregnated as it usually is with a slight 
quantity of carbonic or other acid. Such a free percolation may be 
prevented either by the mineral nature of the matrix itself, or by the 
superposition of an impenetrable stratum ; but if unimpeded, the 
fossil shell or bone will be dissolved and removed, particle after par- 
ticle, and thus entirely effaced unless petrifaction happen to take place.t 

440. The sea is a powerful and ever-active agent of destruction 
and the shores of our island present extensive proofs of its devastating 
power. We find that lofty cliffs and rocky promontories are in a state 
of decay, more or less rapid in proportion to the character of the 
materials which compose them, and the power they possess of resisting 
its abrading force. 

441. Commencing with the shores of Orkney and Shetland, wc 
observe the effects of the waves on the primary formations of those 
distant isles ; and proceeding to the mainland, we notice like traces of 
devastation along the eastern coast of Scotland, where tracts of land, 
Hllages, and towns are recorded to have been swept away by the sea. 

* [Except probably at great depths of the sea. where the enormoiis pressure 
prevents the escape of the gases of decomposition.]— £j>. R. W. 
t Sir C. Lyell. 
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" I am the Lord thy God, that divided the sea, whose waves roared : 
•of Hosts is His name.*'— Isaiah li. 



442. On passing the English border, we find the coasts of Northum- 
berland Bxxd Durham presenting similar marks of destruction, which 
■are recorded in the historical descriptions of those districts. On the 
shores of Yorkshire the same scene of devastation presents itself; 
several villages have been destroyed, of which, in some cases, a mere 
vestige, in others the name only remains, the amount of denudation 
depending largely on the nature of the cliffs, and their greater or less 
capability of resisting the waves. 

443. Thus, at Bridlington, the cliffs are composed of pliocene 
deposits resting on the chalk, a great portion of which have been swept 
away. The town and port of Ravenspurn, at which Henry VI. landed 
on his enterprise of dethroning Richard II., now exists only in the 
historical records of that event. The low coast of Lincolnshire is 
protected by embankments, the destruction of which, by inundations, 
has at various periods occasioned the most disastrous results. Tracts 
of this fenny district, embanked and drained by the Romans, were 
lost after the departure of that people, by the decay of the barriers, 
and the inroad of the sea. 

444. The coasts of Norfolk and Suffolk, being composed of softer 
materials, exhibit a striking example of the destructive power of the 
ocean in the ruin of the cliffs ; while the deposits of bars and sandbanks 
composed of the detritus thereof, act as barriers, and prevent its farther 
encroachments. 

445. While tracts of land and villages, together with the old town of 
Cromer and of Dunwich, have been eioept away by the ocean, various 
districts have been won from the deep. History and tradition record 
the fiict that the sea once extended to Norwich, on an arm of which it 
is recorded in Saxon manuscripts to have been situated ; while ancient 
difib, existing far inland, prove that the sea has receded still more 
considerably from its ancient limits. Extensive devastation is observed 
iloiig the coast of Essex, which is largely composed of strata appertain- 
l^f to the London day formation. The town of Hartoich, stated to be 

Mgpresentative of a more ancient submerged town, called Orwell, 
Inevitable danger of sharing the &te of its predecessor. 

%tB. The coasts which surround the estuary of the Thames present 
imples of the countervailing destruction and restoration of the land. 

447. While the difib of the Isle of Sheppy, which consist solely of 
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*'0 that thou hadst hearkened to My commandments! then had thy peace been 
a river, and thy righteousness as the waves of the sea."— Isaiah zlviii. 



London clay, are constantly "wearing away, the channel which separated 
the Isle of Thanet from the mainland of Kent, has shoaled up, and 
formed new land. The Goodtoin Sands are said to have constituted 
the estates of £arl Goodwin, which were submerged beneath the waves* 
Pursuing the inquiry along the coast of Kent, we find the work of 
devastation still in progress. The firmer cliffs of the chalk are under- 
mined and destroyed as surely as the more yielding strata of the London 
clay. The cliffs of Dover are thus sapped, and considerable falls- 
constantly occur. At Folkestone, the same accidents are produced in a 
manner analogous to that which takes place at the south side of the 
Isle of Wight, in strata of the same geological formation, and which 
have given rise to the celebrated undercliff of that island. The chalk 
at Folkestone rests incliued on the gault, or blue clay. The water which 
passes through the porous strata so moistens the clay, as to occasion the- 
overlying mass to slide down the inclined plane formed .by the subjacent 
deposit, and thus to produce falls of enormous extent. The sand cliffs 
of Hastings have suffered considerable destruction. 

448. The chalk cliffs of Beachy Head have undergone like abrasion 
and disintegration. An enormous mass of rock, three hundred feet in 
length, and thirty in breadth, was precipitated some thirty years ago, 
and similar falls have since repeatedly occurred. 

449. At BHghton, in the reign of Elizabeth, part, though not the 
whole, of the ancient town was situated, under the clifi^, on the spot 
where the Chain Pier now extends into the sea ; in the year 1665, twenty- 
two tenements had been engulphed by the waters, but one hundred 
and thirteen still remained, which were destroyed by the great storm of 
1705.* The waste still continues ', the road called the Marine Parade 
has repeatedly been narrowed ; a battery formerly stood at the bottom 
of the New Steine, the site of which is now swept away. 

450. Proceeding westward along the Sussex coast, we find various 
instances of land having been engulphed ; several large churches, built 
in the immediate vicinity of the sea, are extremely disproportioned, in 
size and endowment, to the scanty population by which they are 
florrounded. 

451. In investigating the Southern coast, we find the same con* 
ditions prevailing the bays are scooped out of softer deposits, while- 

• Dr. Mantell's *' Geology of Sussex." 
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*'He stilleth the noise of the aeas, the noise of their waves, and the tumolt 
of the people."— PfAUC Ixr. 



the harder rocks, which have withstood the action of tlie waves, 
constitute the promontories and headlands. The latter are in a con- 
tinual course of abrasion, their destruction being more rapid where 
the substratum consists of clay. Such is the case in the Isle of 
Wight, and the peninsulas of Portland and PurhecJt, 

452. The great landslip of December 24th, 1839, which occurred 
on the coast between Lynie and Axminster, was produced under 
similar circumstances, the upper beds consisting of strata belonging 
to the chalk and greensand formations, the lower being composed of 
clay appertaining to the lias. The springs traversing the g^^ensand 
had previously loosened the upper beds, and, by moistening the clay, 
produced frequent falls, forming a kind of undercliff. On this 
occasion the season had been unusually wet, and, the upper strata 
having become saturated with moisture, the clays had been rendered 
slippery, and the entire mass was set in motion ; the whole of the 
beds above the lias, comprising masses of chalk, chort, and green- 
sand, were precipitated over the subjacent beds of lias. 

453. The neighbouring coast of Devon presents evidence of like 
action ; but, owing to the firmer nature of the rocks of that district, 
consisting largely of sandstones and limestones, appertaining to the 
Devonian and carboniferous groups, the action of the waves is less 
evident, and appears to have been less rapid ; while on the adjacent 
shore of Cornwall the still harder and more crystalline character 
of the plutonic rocks, the granites, syenites, greenstones, and the 
like, evince feebler marks of the agency of the sea; and no per- 
ceptible change, of any importance, is recorded to have taken place 
in the configuration of the coast during the records of man. The 
general principles which are remarked in other localities are ob- 
servable here; the softer rocks being gradually hollowed out into 
creeks and bays, while the harder strata are left to protrude as head- 
lands; the results being proportionate to the various causes arising 
from the unequal resistance of the rocks, the power of currents, tides, 
waves, and breakers, and the original form of the coast-line. Pro- 
ceeding round the Lan£s JSnd, the same description applies to the 
northern shores of Devon, Somerset, and the a^acent districts of 
Wales. 

454. On the Cheshire coast the diA, composed of the softer clays 
and marlg of the new red sandstone, have yielded immensely to the 
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advance of the ocean, and, though, in the estuary of the Severn, land 
both m Somersetshire and Gloucestershire, has, to a considerable 
extent, been formed, yet the loss on this part of the coast £eu: exceeds 
the gain.* 

455. The Zuyder Sea was formerly a small inland lake, formed by 
an arm of the Rhine ; but in the thirteenth century the sea covered 
a large part of the surrounding continent, and formed this basin. 
In 1421 the i^ea swallowed in one night seventy-two villages, with 
one hundred thousand inhabitants, in the neighbourhood of Dor- 
drecht, and changed the whole surrounding country into a lake. 
In the same manner the Dollart, near East Friesland, was formed 
in the thirteenth century by the sea overflowing a well-cultivated 
tract of land. Much of the western coast of Sleswick has been 
swallowed by the sea. The island of Norstrand was buried in 
1634 almost entirely by the waters, and of Heligoland nothing 
remains but the rocks. Many more events like these may have 
happened in ancient times which are not recorded in history. Several 
straits bear certain' traces of the sea having broken through them ; 
and many groups of islands have evidently been torn from one 
another by the action of the waves. Between Calais and Dover an 
isthmus probably existed in former times which has been broken 
through by the waves, for the soil rises on both sides, forming a 
kind of dyke, exhibiting corresponding strata; and the ridge of 
mountains which in France terminates at Calais, rises at the point 
of land in Kent in the same direction, and contains the same minerals, 
according to Desmarets. The three straits which lead* from the 
ocean into the Baltic have probably been formed by the breaking 
through of the sea, as tlie name seems to show, for the old national - 
word belt still signifies, in Friesland, an inroad of the sea. It was 
believed by the ancients that Sicily had in former times been con- 
nected with Calabria, but was afterwards severed from it by the 
waves. According to an old tradition, which seems to be confirmed 
by the existence of the rock called Adam's Bridge, Ceylon was 
formerly connected with Coromandel; and there is no probability 
that the Straits of the Dardanelles, of Constantinople, and of 
Gibraltar, originally existed in their present state. Most likely 

* Richardson's "Introduction to Geology." 
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America, too, was connected formeriy with Asia by a natural bridge, 
oyer which the first inhabitants came, and which was afterwards^ 
destroyed by the wayes. The indented outline of almost all coasts,, 
and the situation of most islands, bear distinct marks of yiolent 
disruption by the action of water.* 



456. Why are the Geological Deposits arranged into three 
Great Divisions — " Pnmaryy' " Secondary y' and.^^ Tertiary?'^ 

The plutonic and metamorphic rocks originally bore the 
name of primary ^ it being supposed that they were formed 
hefore all others. It was found, however, that they were 
of various ages ; that some of them had been erupted as 
late as the close of the secondary, and others during the 
tertiary period, having entered and penetrated the strata 
of that date : 

457. That the so-termed transition strata^ as the secondary 
were called, were in like manner of various geological dates 
and characters ; and the result has been the adoption of 
the arrangement now generally received, by which — 

458. The primary rocks, as they were previously termed, 
are distinguished as plutonic or unstratijied, and fnetamorphic 
or stratified, while the term " transition " is virtually 
abolished. 

459. The whole series of fossiliferous deposits, from the 
earliest up to the chalk, are still termed secondary, the 
inferior beds up to the carboniferous series being sometimes 
styled the lower; those from the carboniferous system to 
the oolite, the middle; and the wealden and chalk, the 
upper. 

460. The strata which overlie the chalk retain the 

» Higgini'i •<JBook of Ckology." 
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name of tertiary, being generally formed out of the frag- 
ments and ruins of the earth's surface. 

461. The loose and superficial beds of sand, loam, and gravol 
are denominated modem alluvium; and as these last in semo 
districts are strewn with boulders and masses of primary rock, 
such deposits with some others are termed ancient alluvium, the 
beds of gravel, &c., being supposed to be the result of agencies 
tfitill in operation, while the drift and boulders are regarded as the 
•effect of violent floods or inundations which have ceased to act 
on our globe.* 

462. What Changes occur upon the EartKs Surface through 
ihe Drifting of Sands? 

Sandbanks are sometimes thrown up beyond the reach 
t)f tides, and driven by the wind inland; thus effecting the 
desolation of whole regions by their slow but certain 
progress. 

463. Egypt instantly presents herself to the imagination, with her 
stupendous Pyramids, the sepulchres of a mighty race of monarchs, 
and the wonder of the world ; her temples and palaces, once so splendid 
and massive as to bid defiance to the ravages of time ; her plains and 
valleys, formerly teeming with abundance and supporting a numerous 
population; now stripped of her ancient glories, her fairest regions 
depopulated and converted into arid wastes; her cities overwhelmed 
^nd prostrate in the dust, and the temples of her gods half buried 
beneath the sands of the desert. 

464. The drifting of the sands of the Lyhian desert by the westerly 
-winds, has left no lands capable of cultivation on those parts of the 
western bank of the Nile which are not sheltered by mountains ; while 
in Upper Egypt whole districts are covered by moveable sands, and 
hefe and there may be seen the summits of temples and the ruins of 
cities which they have overwhelmed. Nothing can be more melan- 
choly than to walk over villages swallowed up by the sand of the desert; 
to trample under foot their roofs and minarets; and to reflect that 
yonder were cultivated fields, that there grew trees, that here were the 

• Richardson. 
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dwelling of men, and that all have now vanished. The sands of the 
desert were in ancient times remote from Egypt, and the oases which 
still appear in the midst of this sterile region are the remains of fertile 
soils which formerly extended to the Nile. 

465. On many parts of the shores of Scotland sand-floods have con- 
verted tracts of g^eat fertility into barren wastes ; and on the northern 
coast of Cornwall an extensive district has been covered by drifted 
sand, which has become consolidated by the percolation of water hold- 
ing iron in solution, and in some places forms ranges of low mounds 
and hills forty feet high. The sand has evidently been drifted fi'om the 
sea by hurricanes, probably at a very remote period. It is first seen 
in a slight but increasing state of aggregation on several parts of the 
shore in the bay of St. Ives. Around the promontory of New Eaye 
the sandstone occurs in various degrees of induration, from that of a 
friable aggregate, to a stone so compact as to be broken with difficulty 
by the hammer, and which is used in the construction of buildings. 
Upon examining the stone with a lens, it appears to be principally 
7nade up of comminuted shells ; and it is worthy of remark that the 
shelly particles are frequently spherical from the previous operation of 
water, and some portions of the rock closely resemble the ancient 
limestone called oolite. The rocks upon which the sandstone reposes 
are day-slate and slaty limestone, and the water effecting their decom- 
position may have thus obtained the iron, alumina, and other mineral 
matters by which the loose sand has been converted into sandstone.* 

466. What is the Simoon? 

The simoon is a hot wind which occurs in most countries 
that are at no great distance from sandy deserts, and blows 
always from the quarter in which the desert is situated. A 
considerable quantity of fine sand is generally suspended in 
the air, which has been collected by the winds in rushing 
over the deserts. 

467. Simoons affect the human system very powerfully, producing 
great feebleness, and sometimes death. They usually consist of hot and 
cold puffs of wind ; and the difference of the temperature between these 
pnffi), which is stated to amount to more than twenty degrees of Fahren- 

* Dr. Mantell'8 •• Wonders of Geology.** 
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Beit's thermometer, is probably one of the reasons of their effect on 
animal bodies being so great. It is also thought that the hot -puSk 
bring a pestilential air, as a putrid and sulphureous smell is perceived 
when they blow. To shelter themselves from the effects of the wind, 
the Arabs cover their faces with the kapieh, a handkerchief which 
they wear on their heads. 

468. Mr. Bioice, the celebrated African traveller, describes the efibct of 
the simoon, accompanied by pillars of burning sands. He says, " We 
were at once surprised and teiTified by a sight, one of the most magni- 
ficent in the world. In the vast expanse of desert, from west and to 
the north-west of us, we saw a number of prodigious pillars of sand at 
different distances, at times moving with great celerity, and at others 
stalking on with a majestic slowness ; at intervals we thought they were 
coming in a very few minutes to overwhelm us ; and small quantities 
of sand did actually more than once reach us. Again they would 
retreat, so as to be almost out of sight, their tops reaching to the very 
clouds. There the tops often separated from the bodies; and these, 
once disjoined, dispersed in the air, and did not appear more. Some- 
times they were broken near the middle, as if struck with a large 
cannon-shot. About noon they began to advance with considerable 
fiwiftness upon us, the wind being very strong at north. Eleven of 
them ranged alongside of us about the distance of three miles. The 
diameter of the largest appeared to me at that distance as if it would 
measure ten feet. They retired from us with a wind at south-east 
leaving an impression upon my mind to which I can give no name, 
though surely one ingredient in it was fear, with a considerable deal 
of wonder. It was in vain to think of flying ; the swiftest horse or 
fastest sailing ship could be of no use to carry us out of this danger. 

469. JVhi/ do Plants sometimes Arrest the Drifting of 
Sands ? 

There are some of the grasses which have a long 
creeping stem, which grows near or upon the surface, sending 
down roots into the soil, and developing leaf and flower 
buds at intervals. This peculiai'ity is of great service to 
man in connection with the grass named Sand-Reedy and 
others, which can vegetate amidst dry and shifting sand, 
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and are hence employed to give firmness to embankment-s^ 
which they pierce with an entangled web of stems and roots 
that offers a resistance rarely overcome by the force of storm^y 
and is renewed as fast as it is destroyed. 

470. Such grains do not increase so much by seeds as 
by the multiplication of buds ; cattle will not eat them, and 
hence they are providentially adapted to escape that mode of 
destruction ; but when they have been uprooted by the 
thoughtlessness or ignorance of man, the most ruinous- 
evils have resulted. In Scotland, large tracts of once^ 
fertile country have been hitherto rendered barren, by the 
encroachment of sand-mills, which have given them the 
desert-like aspect of Egyptian plains ; and this encroach- 
Tnent has resulted from the impolitic destruction of the mat-^ 
grasses which were pulled up by the country people for 
fuel to such an extent, that an act of Parliament was first 
passed about a hundred years ago, imposing a penalty for 
destroying the grasses.* 

471. What is the origin of Sandstone? 

Sandstones are primarily mechanical deposits from agitated 
water. The portion of the crust of the earth lying above 
the primitive rocks is composed principally of sandstones 
and limestones alternating with each other. 

472. The kinds of rock which are known by the name of 
sandstone consist of coarser or finer granules of quartz, 
felspar, and mica, with little fragments of granite, clay, 
slate, &c., connected by a cementing substance. 

473. When the component particles are large they form 
what is called breccia, and conglomerate, which frequently 
exhibit transitions into sandstones. The sandstones include 

• !Dr. Carpenter. 
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as many formations as limestones. The hardest kinds are 
used for buildings and for mill-stones; those of particularly 
fine texture, for whetstones and hones. 

474. By an infiltration of crystallized carbonate of lime^ sand is 
4^nverted into sandstone, — fragments of soft chalk are transmuted 
into solid rock, as in the Coombe Rock of Brighton, — and accumula-> 
tions of beach and gravel into a hard conglomerate, as in the example 
-of the ancient shingle-bed of the cliffs at Rottingdean, — shells, into 
a building stone, as in the mass from Florida, — and the detritus of 
shells and corals, into limestone. By this agency the bones of animals 
are permeated with calcareous spar, and their medullary cavities lined 
with crystals of carbonate of lime ; and clay, which has cracked by 
drying, has its fissures filled up, and becomes consolidated into those 
curious masses called septaria, which, when polished, form the beautiful 
table-slabs for which Weymouth is celebrated. 

475. Water charged with a large proportion of iron, acts an 
important part in the consolidation of loose materials, converting sand 
into ironstone, and beach or shingle into a ferruginous conglomerate. 
On Clapham Common, and in other places in the vicinity of London, 
large blocks of a very compact breccia occur, being masses of chalk- 
flints more or less broken and rolled, cemented together by an infiltra- 
tion of iron. In the example of a horse-shoe firmly impacted in a 
mass of pebbles and sand, from the sea-beach at Eastbourne, the 
cement which binds the mass is derived from the iron. Nails are 
frequently found in the centre of a nodule of hard sandstone formed 
by this process ; the nail having supplied the water with the material 
by which the surrounding sand has become concreted into stone. 

476. What is the origin of Limestone ? 

To explain the origin of the vast masses of stratified 
limestone is a matter of considerable difficulty. In a great 
majority of instances the limestone formed at the present 
day is the result of chemical forces^ or of vital forces 
controlling chemical action ; and the same was probably 
the case in the earlier periods. 

477. In particular instances, calcareous deposits have 
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partially or wholly a mechanical origin, as when a stream 
brings down the waste of a chalky or oolitic district.* 

478. Ckalk is a variety of limestone, a carbonate of lime ; 
when pure, unmixed with any other material save a little 
magnesia or alumina. Layers of fiint noduleSy at intervals 
of four to six feet, are found in chalk. 

479. Primitive limestone is of granular crystalline cha- 
racter, and in a few varieties looks very like fine white 
sugar. This kind of limestone is technically termed marble, 
and is highly valued for purposes of sculpture. 

480. Whi/ are Flint Nodules found in Chalk? 

It seems probable that, in the formation of the chalk from 
the decomposition of sea water then holding lime and silica 
in solution, the carbonate of lime and silica fell to the 
bottom together, and that the latter substance, of which 
Jlint is formed, was especially attracted by the silicious 
organic remains then lying on or beneath the beds, so as to 
collect round the sponges, echini, &c., in the manner that 
oolitic matter has been collected round shells, the lias 
round ammonites, the carbonate of iron round ferns, &c. 

481. What is the source of Lime in Sea Water? 

The lime contained generally in sea water, and secreted 
so plentifully by shell and coral forming animals, may have 
been derived either from springs rising up in the bed of the 
ocean, or from rivers fed by calcareous springs, or impregnated 
with lime derived from disintegrated rocks. 

482. If the sites of the mineral springs of Tuscany were to he suh- 
merged heneath the sea, no one can douht for a foment that they 
would supply materials for the most eztensiye coral ree£9. The im- 
portance of these springs is not to he estimated by the magnitude of 

• PhllUps's "Manual of Geology."' 
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the rocks which they have thrown down on the standing sides of the 
hills, although of these alone large cities might he built; nor by a 
coating of travertine that covers the soil in some districts for miles in 
length. The greater part of the calcareous matter passes down in a 
state of solution to the sea, and in all countries the rivers which flow 
from chalk and other marly and calcareous rocks carry down great 
quantities of lime into the ocean. 

483. What is Silex, or Silica? 

Silex, or the earth of fiint, is a combination of the 
metallic base called silicon with oxygen, forming a mineral 
which constitutes so large a portion of the rocks and 
strata, that it is computed to form, either in a pure or com- 
bined state, nearly one-half the solid crust of the globe. 
The flints from the chalk cliffs, the boulders and gravel 
on our sea shores, and the pebbles of agate, quartz, 
and chalcedony, are well-known examples of the usual 
varieties of silex. 

484. Silica comprises the principal constituent of a series of 
precious stones, the commonest form being that of rock crystal, only 
the purest varieties of which are valuable and expensive only in large 
masses. It occurs in cavities and weir-like spaces, principally in the 
primitive rocks. These are called in Switzerland crystal caves, or 
chambers, and often contain a considerable abundance of such 
crystals, which sometimes occur perfectly pure, weighing several 
hundredweight. 

485. 2'he mass of rocks is composed of not more than some eight or 
nine simple minerals. These are — 1, quartz ; 2, felspar ; 3, mica ; 4, 
hornblende; 5, carbonate of lime; 6, talc, comprising chlorite and 
steatite ; 7, angite ; 8, serpentine ; 9, ironstone. Other minerals, which 
either form rocks of small extent, or enter so largely into their compo- 
sition as to modify their character, are the following :— Sulphate of lime, 
dlallage, chloride of sodium, coal, bitumen, garnet, schorl, staurotide, 
epidote, olivine, and pyrites. A few of these minerals exist in masses 
so large as to be denominated rocks, as quartz, carbonate of lime, 
sulphate of lime, salt, coal, and pyrites ; but in general some two, 
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three, or four are united to constitnte a rock, as mica, quartz, and 
felspar to prodoce granite.* 

486. What is the origin of Rock-salt ? 

The origin of the enormoas sabterranean beds of rock- 
salt is as imperfectlj understood, as that of the saltness of 
the waters of the ocean. That many of the deposits of salt 
may have originated simply from the evaporation of sea 
water pent up in lagoons, lakes, or inland seas, is a gene- 
rally received, and not improbable supposition; but the 
absence of organic forms of any kind, has been regarded 
as an objection to this conclusion. The red colour of the 
salt is occasioned by oxide of iron, which may have been 
derived from decomposed trap-rocks.f 

487. What is the origin of Coal? 

Coal is composed of altered vegetable structures. It may 
be compared to a great extent to branches, fragments 
of roots, &c., which are buried in peat hog. The coal-beds 
are the remains of a dense vegetation. In some collieries 
an observer may, as it were, see beneath such an accumu- 
lation of plants in muddy 
ground, the ends of the 
upright stumps, like so 
many irregular wings, scat- 
tered overhead, the long 
prostrate stems strewed 
among them, and a mul- 
titude of ferns of various 
kinds, and other plants 
VEGETABLE COAL FOSSIL. mattcd togcthor ; the whole 
presenting the appearance of a growth of plants in soft or 

• Richardson. 

t See Mr. Bakewell's " Introduction to Geolosry," for a full account of the most 
important deposits of salt, and the theories respecting them. 
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wet ground, if not shallow water, mud, mingled with 
various portions of them. 

488. Often the plants appear to have partly grown in 
the same locality, and partly to have been drifted into it ; 
sometimes from an adjoining situation, at others from 
distant places. 

489. Coal has been found at Sta. Fe^de Bogota up to a height o£ 
8000 feet above the level of the sea, and near Whitehaven at a depth of 
more than 1800 feet below that level. The carboniferous formation is 
very widely diffused, and not only Great Britain, but Germany, the 
north of France, and Belgium, have abundance of rich coal-mines. 
They occur also on the left bank of the Rhine, in Westphalia, the 
Hartz, Bohemia, Thuringia, Saxony, Siberia, Sec. 

490. The Belgian pits yield annually about 3,200,000 tons; the 
Prussian, 2,000,000 ; those of the Austrian dominions, 350^000 tons. 
But the most Important are those of Great Britain. The pits of 
Newcastle alone annually furnish 10,000,000 tons; and there are also 
mines of vast extent in South Wales, Scotland, the Midland Counties, 
&c. The yearly product of the coal-mines of Great Britain exceeds 
20,000,000 tons, and occupies more than 100,000 persons. The annual 
value is said to amount to £9,000,000. Portugal, Spain, and Italy 
contain little-known coal-mines, as also do Sweden, Norway, and 
Russia; China is said to be very rich in them, and they are very 
extensive in North America. 

491. The first attempt to apply the carburetted hydrogen of coal 
to illumination was made experimentally by Lord Dundonald, in 1786. 
The successful introduction of gas-lighting is due to Murdoch, about 
1789; but the lighting of the streets was not effected till 1812 in 
London, and 1815 in Paris. The lighting of London for one year 
requires 2,046,000,000 cubic feet of gas, and the production of this 
consumes 18,150 tons of coal ; in the longest nights, 13,000,000 cubic 
feet of gas are burnt, which are obtained from 895 tons of coal.* 
These amounts must have greatly increased since they were last 
estimated. 

• Yon Eol)eU's "Mineral Kingdom." 
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492. Whif do Coal-beds sometimes take Fire? 

Their ignition is ascribed to the decomposition of sulphuret 
of iron, contained in the coal. The combustion goes on 
veiy slowly at a certain depth, because there is mostly a 
deficient access of air. The burning coaJ of Duttweiler has 
been on fire 130 years, the Fanny Pit, in Upper Silesia, has 
been burning since 1823. 

493. Explosions in coal mines are caused by the pit gas, as 
it is called, becoming liberated from the coal-beds, and 
accumulating in cavities, where it mixes with atmospheric 
airy and forms a highly explosive compound. This mixture 
becoming inflamed, fearful explosions ensue, often blowing 
up parts of the mines, and burying everything in ruins. 
These are the dreadful "fire-damps" which, from 1827 to 
1842, killed or crippled some 9600 workmen in the pits 
of England, France, and Belgium. 

494. What Proofs are there of the Vegetable Origin of 
Coal, besides the Carbonized fragments of Plants 7 

The chemical constitution of the woody parts of plants is 
exactly analogous to the chemical constitution of coal, 

495. Many of the plants fossilized in coal are of unknown 
types, and some are too imperfect to permit any botanical 
deductions. But it seems evident that they were chiefly 
plants that grew upon the land; they appear to be often 
analogous to tropical tribes of vascular cryptogamic and 
coniferous plants. 

496. It is probable that the land upon which the plants 
grew was in a high degree subject to heat and moisture, more 
BO than even the coasts and islands of tropical seas. 

497. What Determined the Present Situations of the 
Coal-beds f 

It is probable that the vegetables of some coal-beds grew 
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where their remains are now carbonized ; that other coal-beds 
\arose from trees and plants swept doton from the land into 
fresh water lakes; that others were form^ in estuaries alter- 
nately traversed by floods from the land, and tides from the 
eea ; and that some land plants were transported far into 
tht deep and tranquil ocean, 

498. Whi/, in some Coal Districts, are several , Coal-beds 
found Overling each other? 

Because they have been produced by successive vegetable 
growths, broken by corresponding interruptions, over the same 
seas. In all coal-beds are very many thin alternations of 
pure coal and impure coal, with sometimes thin laminas of 
clay, impressed with the foims of plants above and below, 
and in some cannel coal-beds are layers of fresh water 
shells. 

499. The decay of one growth of vegetation appears to 
have been followed by the drifting of sand and finer sedi- 
ments over the same area, accompanied by watery action of 
some kind, occasioned by local subsidence of the land. This 
ceasing, forests again overspread the same area, to be again 
covered up by watery action bringing sediments, in 
consequence of further subsidence,* 

600. While areas of fair size are known by colliery workings to have 
had numbers of vertical stems tranquilly covered over by detrital matter 
on a particular geological plane^ so that a forest of this kind of vegeta- 
tion has been contemporaneously entombed, it sometimes occurs that 
there is good evidence of similar conditions having produced similar 
results more than once over the same area. Of the facts brought to 
light on this head, though it may be well known in many coal districts 
that vertical stems of plants are found at more than one geological 
level, the occurrence of one series of vertical stems above others 
seems to have been hitherto in no artificial or natural sections better 

• Phillips; 
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exhibited than in the coal districts of Nova Scotia and Cape Breton, 
where several of these planes of vegetation, the stems of plants still 
standing in their places of growth, are seen above each other. 

601. Sir Charles Lyell describes ten forests of this kind, as occurring 
above each other, in the cliffs between Minudie and the South Joggins, 
at the head of the Bay of Fundy. The thickness of the mass of beds 
containing the upright stems is estimated at about 2500 feet, and the 
usual height of the trees is from six to eight feet; but one was seen 
apparently 25 feet high, and two feet in diameter, with a considerable 
bulge at the base. 

602. The accumulations of mud, silt, sand, and sometimes gravel, 
intermingled with the layers of fossil vegetation, these layers based 
upon a soil, probably moist or wet, in which the roots of certain plants 
freely grew, while vertical stems occurred, as much as 15 or 20 feet 
high, and two to four feet in diameter, even planes of these old 
forests being found above each other in limited sections, must have 
been gradually submerged, so that at intervals the soil was sufficiently 
exposed to, or near the atmosphere, that the seeds embedded amid 
them could come under their proper conditions of growth. A trough 
or other cavity, or slightly-inclined plane or shore, gradually filled 
up to the level of the atmosphere, would only give one layer of 
vegetation, whereas in some coal districts, where the seams of coal are 
reckoned with the soils on and in which their constituent plants 
grew, fifty or more intervals of growth may have occurred.* 

603. Dr. Buckland has given a very vivid description of the fossil 
coal forests. He says : — " The finest example I have ever witnessed is 
that of the coal-mines of Bohemia, The most elaborate imitations of 
living foliage upon the painted ceilings of Italian palaces, have no 
comparison with the beauteous profusion of extinct vegetable forms 
with which the galleries of these instructive coal-mines are overhung. 
The roof is covered with a canopy of gorgeous tapestry, enriched with 
festoons of the most graceful foliage, strung in wild and irregular pro- 
portion over every portion of the surface. The effect is heightened by 
the contrast of the coal-black colour of these vegetables with the light 
ground-work of the rock to which they are attached. The spectator 
feels himself transported, as if by enchantment, into the forests of 

De la Bbche. 
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another world; he beholds trees of forms and characters now unknown 
upon the surface of the earth presented to the senses ahnost in the 
beauty and vigour of the primeval life ; their scaly stems and bending 
tranches, with their delicate apparatus of foliage, are all spread forth 
before him, little impaired by the lapse of countless ages> and bearing 
faithful records of extinct vegetation." 

504. What is the origin of Peat Marshes ? 

The opinion is entertained that most of the peat marshes 
of the north of Europe occupy the areas of ancient forests 
of oak and pine ; that the fall of trees from the effect of 
storms, or natural decay, by obstructing the natural drainage 
of a district, has given rise to these marshy areas ; hence 
the trunks and branches of oaks, firs, &c., are frequently 
found beneath the peat moss, which is annually augmented 
by the peculiar mode of growth of the moss, which throws 
up a succession of shoots to the surface, while the parent 
plants decay, and add a new layer to the surface of the 
soil. 

505. The bodies of men and animals ' axe frequently 
found at great depth in peat bogs, in a high state of 
preservation. In some instances the bodies are converted 
into a fatty substance resembling spermaceti. 

606. A fact of considerable interest is the occurrence of coal in peat 
bogs, proving the conversion of vegetable matter into a mineral, the 
origin of which, but a few years since, was deemed questionable, takes 
place at the present time, when circumstances are favourable for the 
production of the bituminous fermentation. In Limerick, in the 
district of Maine, North America, there are peat bogs of considerable 
•extent, in which a substance exactly similar to cannel coal is found at 
the depth of three or four feet from the surface, amidst the remains of 
rotten logs of wood, and beaver-sticka. The peat is twenty feet thick 
and rests upon white sand. This coal was discovered on digging a 
ditch to drain a portion of the bog, for the purpose of obtaining peat 
for manure. The substance is a bituminous coal, containing more 
bitumen than is found in any other variety. Polished sections of the 
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*' For the waters of Nimrim shall be desolate ; for the hay is withered away, 
the grass laileth, there is no green thfaig.**— Isaiah xv. 



compact masses exhibit the peculiar structure of coniferous trees, 
and prove that the coal was derived from a species allied to the 
American firs. 

507. Independently of the trees imbedded in peat bog^ and morasses, 
there are also found entire forests buried deeply in the soil, the trees 
having their roots, trunks, branches, fruits, and even leaves, more or 
less perfectly preserved. Numerous accumulations of this kind have been 
discovered on the coasts of England, occupying low alluvial plains, that 
are still subject to periodical inundations. The trees are chiefly of the 
oak, hazel, fir, birch, yew, willow, and ash ; in short, almost every kind 
that is indigenous to this island, occasionally occurs. The trunks, 
branches, &c., are dyed throughout of a deep ebony colour, by iron ; 
and the wood is firm and heavy, and occasionally fit for domestic 
use. In Yorkshire this kind of wood is sometimes employed in the 
construction of houses.* 

508. What are the agencies that produce Petroleum Spring Sy 
Pitch Lakes, ^c.f 

Springs of which the waters contain a mixture of 
petroleum, and the various minerals allied to it, as bitumen, 
naphtha, asphaltum, and pitch, are very numerous, and are, 
in many instances, doubtless connected with subterranean 
fires, which set free the more subtile parts of the bitumi- 
nous matters contained in the rocks. 

509. It is probable that the great pitch lake of Trinidad 
owes its origin to a similar cause. In that district all the 
circumstances are now combined from which deposits of 
pitch may have originated. The Orinoco has for ages been 
rolling down great quantities of woody and vegetable bodies 
into the surrounding sea, where, by the influence of cur- 
rents and eddies, they may be arrested, and accumulated 
in particular places. The frequent occurrence of earth- 
quakes in those parts lends countenance to the opinion 
that these vegetable substances may have undergone, by 

« Dr. liantell. 
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"As cold waters to a thirsty soul, so is good news from a far country ."-^ 

PaOVIKBS XZY. 



the agency of subterranean fire, those transformations and 
chemical changeswhich produce petroleum, and upon sub- 
sequent exposure to the air it becomes inspissated, and 
forms the different varieties of pine and earthy pitch, or 
asphaltum, so abundant in the island. 

510. Why is the Deep Water of the Mediterranean Sea 
of a Higher Temperature than the Deep Water of other 
Seas? 

Because, at the Straits of Gibraltar, where the sur- 
face water of the Atlantic flows in as a westerly cur- 
rent, a counter current prevails beneath, and prevents the 
influx from the ocean of the cold current from the Pole, 

511. Why have we reason to believe that the Antarctic 
Circle encompasses Large Masses of Land ? 

The unexplored area around the South Pole is about 
twice as large as Europe. This un travelled region is 
circular in shape, its circumference measuring not less 
than 7000 miles. Its edges have been penetrated here 
and there, and land, wherever seen, has been high and 
rugged. Explorers, as far as they have penetrated within 
the circle, tell of high lands, and mountains of ice ; and 
Captain Ross saw volcanoes burning in the distance. 

512. Moreover, the great frequency of icebergs pro- 
ceeding from the Frigid Zone of the South, is evidence 
in favour of Antarctic shore-lines of great extent, of deep 
bays where they may be formed, and of lofty cliffs where 
they may be launched. 

513. The belt of ocean that encircles the globs on the Polar side of 
65° south is never free from these icebergs. They are found in all 
parts of it all the year round. Many of them are miles in extent, and 
hundreds of feet thick. The nursery for the bergs to fill such a 
field must be immense ; such a nursery cannot be on the sea, for 



148 THE REASON WHY 



" For the waters of Nimrim shall be desolate ; for the hay is withered away, 
the grass feileth, there is no green thing."— Isaiah xt. 



compact masses exhibit the pecaliar structare of coDiferous trees, 
and prove that the coal was derived from a species allied to the 
American firs. 

507. Independently of the trees imbedded in peat bogs and morasses, 
there are also foand entire forests buried deeply in the soil, the trees 
having their roots, trunks, branches, fruits, and even leaves, more or 
less perfectly preserved. Numerous accumulations of this kind have been 
discovered on the coasts of England, occupying low alluvial plains, that 
are still subject to periodical inundations. The trees are chiefly of the 
oak, hazel, fir, birch, yew, willow, and ash ; in short, almost every kind 
that is indigenous to this island, occasionally occurs. The trunks, 
branches, &c., are dyed throughout of a deep ebony colour, by iron ; 
and the wood is firm and heavy, and occasionally fit for domestic 
use. In Yorkshire this kind of wood is sometimes employed in the 
construction of houses.* 

508. What are the agencies that produce Petroleum Springs^ 
Pitch Lakes, ^c? 

Springs of which the waters contain a mixture of 
petroleum, and the various minerals allied to it, as bitumen, 
naphtha, asphaltum, and pitch, are very numerous, and are, 
in many instances, doubtless connected with subterranean 
firesy which set free the more subtile parts of the bitumi- 
nous matters contained in the rocks. 

509. It is probable that the great pitch lake of Trinidad 
owes its origin to a similar cause. In that district all the 
circumstances are now combined from which deposits of 
pitch may have originated. The Orinoco has for ages been 
rolling down great quantities of woody and vegetable bodies 
into the surrounding sea, where, by the influence of cur- 
rents and eddies, they may be arrested, and accumulated 
in particular places. The frequent occurrence of earth- 
quakes in those parts lends countenance to the opinion 
that these vegetable substances may have undergone, by 

« Dr. lianteU. 
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the agency of subterranean fire, those transformations and 
chemical changeswhich produce petroleum, and upon sub- 
sequent exposure to the air it becomes inspissated, and 
forms the different varieties of pine and earthy pitch, or 
asphaltum, so abundant in the island. 

510. Why is the Beep Water of the Mediterranean Sea 
of a Higher Temperature than the Deep Water of other 
Seas? 

Because, at the Straits of Gibraltar, where the sur- 
face water of the Atlantic flows in as a westerly cur- 
rent, a counter current prevails beneath, and prevents the 
influx from the ocean of the cold current from the Pole. 

511. Why have we reason to believe that the Antarctic 
Circle encompasses Large Masses of Land ? 

The unexplored area around the South Pole is about 
twice as large as Europe. This untravelled region is 
circular in shape, its circumference measuring not less 
than 7000 miles. Its edges have been penetrated here 
and there, and land, wherever seen, has been high and 
rugged. Explorers, as far as they have penetrated within 
the circle, tell of high lands, and mountains of ice ; and 
Captain Ross saw volcanoes burning in the distance. 

512. Moreover, the great frequency of icebergs pro- 
ceeding from the Frigid Zone of the South, is evidence 
in favour of Antarctic shore-lines of great extent, of deep 
bays where they may be formed, and of lofty cliffs where 
they may be launched. 

513. The belt of ocean that encircles the globs on the Polar side of 
55° south is never free from these icebergs. They are found in all 
parts of it all the year round. Many of them are miles in extent, and 
hundreds of feet thick. The nursery for the berg^ to fill such a 
field must be immense; such a nursery cannot be on the sea, for 
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icebergs require to be fastened firmly to the shore until they attain 
a full size. 

514. What are the effects of Lightnirtg upon the EartKs 
Surface ? 

Remarkable effects of lightning in precipitating large 
masses of rock from elevated situations are recorded. At 
Funzie, in Fetlar, about the middle of the eighteenth 
century, a rock of micha-schist, 105 feet long, ten feet 
broad, and in some parts four feet thick, was torn by 
lightning from its bed, and broke into three large, and 
several smaller fragments. One of these, twenty-six feet 
long, ten broad, and four thick, was simply turned over. 
Another, which was twenty-eight feet long, seventeen 
broad, and ^yq. thick, was hurled across a high point to 
the distance of fifty yards. Another mass, about forty feet 
long, was thrown still further, in the same direction, 
into the sea. 

515. Why may Fire and Water he regarded as Antagonistic 
Forces operating upon the Earth ? 

Because the aqueous agents are incessantly reducing the 
inequalities of the eartVs surface to a level ; while the igneous 
are equally active in restoring the unevenness of the earth's 
crust, partly by heaping up new matter in certain localities, 
and partly by depressing one portion, and forcing out 
another, of the earth's envelope. 

516. But sometimes the igneous and aqueous forces 
•eo-operate to produce a joint effect, to which neither of 

unaided by the other could give rise, — as when 

earthquakes unite with running water to widen a 

; or when a thermal spring rises Hp from a great 

and conveys the mineral ingredients with which 
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it is impregnated from the interior of the earth to the 
surface. 

517. Sometimes the organic combine with the inorganic 
causes : as when a reef, composed of shells and corals, 
protects one line of coast from the destroying power of tides 
or currents, and turns them against some other point ; or when 
di'iffc timber, floated into a lake, fills a hollow to which 
the stream would not have had sufficient velocity to convey 
earthy sediment. 

518. The crust of the earth, although an infinitesimal 
quantity when compared with the mass of the globe, is of 
immense extent and importance. As regards its thickness, 
which is estimated at about ten miles, it bears, in a 
physical point of view, no greater relation to the mass 
of the globe, than that which would bo offered by the 
thickness of paper to the diameter of an orange ; regarded 
under another aspect, it is the theatre of land and water, 
of mountain and valley, of ocean, river, and lake, and 
affords a sphere for the existence of the animal, vegetable, 
and mineral kingdom.* 

519. What becomes of the Heat Discharged from the 
Interior of the Earth ? 

It is believed that heat, as well as being expended by the 
more remarkable phenomenon of volcanoes, is continually 
passing by radiation from the interior of the globe inta 
the planetary spaces. At the same time no mode in which 
the heat thus thrown off can be restored again to the 
earth is recognisable. 

520. Therefore, there must be a gradual diminution of 
the earth's eternal heat, and a progressive exhaustion of 
the elements by which that heat is sustained. But 

* Richardson. 
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the process is so slow as escape the power of man's 
calculation. 

521. Why does the Nature of the Soil affect the 
Temperature of Countries? 

This is principally owing to the greater or less power 
any soil possesses of absorbing and radiating heat* 

522. Thus, sandg soils are subject to become rapidly and 
intensely heated, and when the sun's rays are withdrawn 
they readily radiate into the atmosphere the heat they have 
acquired, thus increasing the atmospheric temperature. 

523. Clayey soils, on the other hand, become slowly 
heated, and as slowly cooled. 

524. Swampy grounds chill the air, and extensive forest 
tracts have a similar effect. 

525. The variations of temperature of different regions depend in a 
great degree on the character of the bottom of the aerial ocean, or 
on the nature of the floor or base, whether land or sea, on which the 
atmosphere rests. Seas, often traversed by currents of wai-mer or 
colder water, have an effect very different from that of continental 
masses, or of islands, which latter may be regarded as shallows in the 
aerial ocean, and which, notwithstanding their small dimensions, exert 
often to a great distance a notable influence on the climate of the sea. 
In continental masses we must distinguish between sandy deserts 
devoid of vegetation, savannahs or grass plains, and forest-covered 
districts. 

526. Why do Forests affect the Temperature and Humidity 
of Countries? 

They act in three various ways — ^by shutting off the rays 
of the sun and producing shade, by evaporation, and by 
radiation, 

527. Forests, which in our temperate zone consist of trees living in 
" society" — that is, many individuals of one or of a few kinds, as oaks, 

* See " Qardenera and Farmers' Reason Why.** 
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^'To dwell in the cliflb of the valley, in caves of the earth, and in the rocks." 
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beeches, and birches, &c. — bat in the tropics of an immense variety 
living separately or " unsociably," protect the ground from the direct 
rays of the sun, evaporate fluids elaborated by themselves, and cool the 
strata of air in immediate contact with them by the radiation of heat 
from their leaves. The latter are far from being all parallel with each 
other ; they are, on the contrary, variously inclined, which increases 
the effect of radiation. 

528. Thus, cultivation not unfrequently effects a change 
of the climate in a country ; for if marshes are drained, or 
forests cleared, the temperature will be raised. 

529. Such has been the case in some parts of North America, where 
the clearing of forests and the progpress of cultivation have improved 
the climate and rendered the winters milder. The destruction of 
woods has, however, proved highly detrimental to the climate of some 
regions. The sultry atmosphere and dreadful droughts experienced 
in the Cape Verde islands are attributed to the destruction of the 
trees in those islands ; whilst a remarkable improvement has taken 
place in the climate of the Island of Ascension since that has been 
brought to cultivation. 

530. What is Crystallization ? 

The particles of liquid and gaseous bodies, during the 
formation of solids, sometimes cohere together in an indis- 
criminate manner and give rise to shapeless masses ; but 
they occasionally attach themselves to each other in a certain 
order, so as to constitute solids possessed of a regularly 
limited form. Such bodies- are called crystals, and the 
natural process by which they are formed is termed 
crystallization. 

531. What is Petrifaction f 

In a true petrifaction the substance becomes more or less 
. completely mineralized ; if we break it, we find that every • 
part of its structure has undergone a change. Wood, for 
instance, is often entirely transmuted into flint or chalce- 
dony, and may be cut so thin that, with a powerful lens, the 
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** Behold now Behemoth, which I made with thee ; he eateth grass as an ox. 
Wa bones are as strong pieces of brass ; his bones are lilce bars of iron ; *' 



ramifications of the vessels and the structure of the tissues 
may be seen, and from their form and disposition we may 
determine the particular kind of tree to which the specimen 
belonged, although it may have been enshrined in the stone 
fbr ages. When bone is petrified the same phenomena are 
observable ; the most delicate parts of the internal struc- 
ture arc preserved, and all the cells are filled up with 
calcareous spar, which is oftentimes of a different colour 
from that of the walls of the cells, and thus a natural 
anatomical preparation of great beauty and interest is 
formed. 

532. The mineral substances of which petrifactions are generally 
composed, are calcareous, silecious, or argillaceous, in various states, 
and differently mixed. Of those that are calcareous, the gi-eater part 
are carbonates; fluate of lime sometimes serves as a matrix, but it rarely 
forms the substance of the fossil. Sulphate of lime sometimes lines 
the cavities left by destroyed fossils, but does not itself foim them. 
Sulphate of barytes hardly ever forms fossils. Of the metals which 
contribute to the formation of fossils, the most common are iron and 
copper, rarely lead or zinc, and still more rarely, silver; they are 
generally carbonates or sulphurets. 
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** He lieth under the shadj trees, in the covers of reeds and fens. The shady 
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FOSSILS. 




THE MEGATHERIUM. 



533. Wh?/ are Fossil remains found almost Exclusively in 
Strata that have been deposited hy Water? 

This circumstance is readily explained, when we consider 
that the bones of all dead creatures that may be left un- 
covered upon dry land, are in a few years entirely destroyed 
hy various animals and the decomposing influence of the at- 
mosphere. If we except the few bones that may have been 
collected in caves, or buried under land slips, or the pro- 
ducts of volcanic eruptions, or in sand drifted by winds, it 
is only in the strata formed hy water that any remains of land 
animals can have been preserved. 
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''Behold, he drinketh np a river, and hasteth not; he trusteth that he can 
draw Jordan into his moatb. He taketh in with his eyes ; his noae pierceth through 
snares.**— Job xL 



534. Why do Successive Groups of Strata contain Distinct 
Fossils? 

As the ages of the world have been marked by a con- 
tinual extinction of species, and introduction of others into 
the globe, it follows that the fossils of strata formed at two 
distant periods on the same spot, will differ even more certainly 
than the mineral composition of the strata. Rocks of the 
same kind have sometimes been reproduced in the same 
district, after a long interval of time, whereas there are no 
facts leading to the opinion that species which have once died 
out have ever been reproduced, 

535. The submergence, then, of land, must be often 
•attended by the commencement of new sedimentary 

deposits, characterized by a new set of fossil animals and 
plants, while the reconversion of the bed of the sea into 
land may arrest at once and for an indefinite time the 
formation of geological monuments. Should the land again 
sink, strata will again be formed; hut one or many entire 
revolutions in animal or vegetable life may have been completed 
in the interval.* * 

536. In what respects do Fossilised Organic Remains afford 
Evidences of the Divine Wisdom f 

From the high state of preservation in which many of 
these remains are found, we may deduce the most conclusive 
proofs that the creatures from which they are derived were 
constructed with a view to the varying conditions of the surface 
of the earthy and to its gradually increasing capabilities of 
sustaining more complex forms of organic life, advancing 
through successive stages of perfection.! 

• Sir C. LyeU. 

t Dr. Backland*8 ** Geology and Mineralogy. 
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"I made me pools of water, to water therewith the wood that bringeth forth 
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537. What is the process by which Organic Substances 
Embedded in the Earth become Petrified? 

Although the manner in which organic substances become 
petrified cannot be clearly explained, the process is, under 
favourable circumstances, continually going on. In some 
cases the most perishable^ and in others the most durable, 
portions of plants are preserved — variations which doubt- 
less depend on the time when the mineral matter was 
supplied. If introduced inmiediately, on the first com- 
mencement of decomposition, then the most destructible 
parts are lapidified, while the more durable do not waste 
away till afterwards, when the supply has failed, and it 
never becomes petrified. Opposite circumstances produce 
corresponding results. 

538. A series of curious experiments, by Professor Goppert, of Breslau 
have resulted in the production of some very curious imitations of 
fossil petrifactions. He placed recent ferns between soft layers of 
clay, dried these in the shade, and then gradually heated them until 
they were red-hot. The result was, the production of so perfect a 
counterpart of fossil plants as might have deceived an experienced 
geologist. According to the different degrees of heat applied, the plants 
were obtained in a brown or perfectly carbonized condition ; and some- 
times, but more rarely, they were in a black shining state, adhering 
closely to the layer of clay. If the red heat was sustained until all the 
organic matter was burnt up, only an impression of the plant remained. 

539. The same experimentalist steeped plants in a moderately strong 
solution of sulphate of iron, and left them immersed in it for several 
days, until they were thoroughly soaked in the liquid. They were then 
dried, and kept heated until they would no longer shrink in volume, 
and until every trace of organic matter had disappeared. On cooling 
them he found that the oxide formed by this process had taken the 
form of plants. Other experiments proved that the mineralisation of 
organic bodies can be carried much further in a short time than had 
been previously supposed.* 

• Sir C. LyeU. 



^ 
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** Thou hast forfrotten the God of thy salvation, and has not been mindfnl of the 
rock of thy strength, therefore shall thou plant pleasant plants, and shalt set it 
yrith strange slips.** — Isaiah xviL 



540. Why does Woody after long Immersion in Water^ 
acquire an Increased Specific Chravity, and Sink ? 

Wood floats on the surface, not because the woody 
portion is specifically lighter than the water, but because 
it is fall of pores containing air. When soaked for a 
considerable time, the water makes its way into these pores, 
and the wood becomes water-logged, and sinks. The time 
required for this process varies in different woods, but 
several kinds may be drifted to great distances, sometimes 
across the ocean, before they lose their buoyancy. 

541. If wood be sunk to vast depths in the sea, it may be impreg- 
nated with water suddenly, by the great pressure of the water. On 
one occasion a whale dragged a boat under water, to the depth of 
several thousand feet. The sunken boat was recovered by great labour, 
and was found to be so heavy that it required a boat at each end to 
keep it from sinking ; its pieces sank in water like stones, and were 
useless even for fire-wood. 

542. Although the remains of terrestrial vegetation, borne down by 
aqueous causes irom the land, are chiefly deposited at the bottom of 
lakes, or at the mouths of rivers, yet a considerable quantity, drifted 
about in all directions by currents, may become embedded in any 
marine formation, or may sink down, when water-logged, to the bottom 
of unfathomable abysses, and then accumulate without intermixture 
of other substances.* 

543. What was the origin of the Submarine Forests found 
on British Coasts? 

In some instances these have resulted from the subsidence 
of the land. A submarine forest has been traced for several 
miles along the northern shore of the county of Fife. 
A submarine forest occurs at the mouth of the Parret, 
in Somersetshire, on the south side of the Bristol Channel. 

bed of peat is there seen below the level of the sea^ and 



• Capt. Scoresby. 
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** The flood breaketh out firom the inhabitant, even the waters forgotten of the 
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the trunks of large trees, such as the oak and yew, having 
their roots still diverging as they grew, fixed in the 
clay. 

544. But there are some cases which require a different 
explanation. A fir-wood lies beneath the near level of the 
sea at Bournemouth, in Hampshire. It is supposed that 
at some former period the Bourne Valley extended further, 
and that its extremity consisted, as at present, of boggy 
ground, partly clothed with fir-trees. The bog rested on 
a bed of pebbles below the peat; and the sea, in its pro- 
gressive encroachments, eventually laid bare, at low water, 
its sandy foundations; upon which a stream of fresh water, 
rushing through the sand at the fall of the tides, carried 
out loose sand with it. The upper stratum of vegetable 
matter, being matted and bound together by the roots of 
trees, remained, but, being undermined, sank down below 
the level of the sea^ and then the waves ivashed sand and 
shingle over it* 

545. There runs around the shores of Great Britain a flat terrace of 
unequal breadth, backed bv an escarpment of varied height and 
character, which is known to geologists as the old coast-line. On this 
flat terrace most of the sea-port towns of the empire are built. The 
subsoil which underlies its covering of vegetable mould consists 
usually of stratified sands and gpravels« arranged after the same fashion 
as on the neighbouring beach, and interspersed in the same manner 
with shells. 

546. The escarpment behind, when formed of materials of no great 
coherency, such as gravel or clay, exists as a sloping, grass-covered 
bank — at one place running out into promontories that encroach upon 
the terrace beneath — at another receding into picturesque bay-like 
recesses ; and where composed, as in many localities, of rock of an 
enduring quality, we find it worn, as if by the action of the surf, in 
some parts relieved into insulated stacks, in others hollowed into 
deep cavems.t 

• Sir C. Lyell. t Hugh MiUer. 
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**Thoa didst walk through the sea with Thine horses, throngh the heap of 
great waters."— Habakkuk iii. 



547. Why are Organised Remains Unequally Diffused ia 
the various Formations? 

Because in tlie history of the earth violent and unusual 
actions have occurred locally, though over extensive areas. 
These causes have operated to produce a rapid accumulation 
of certain strata, accompanied by the sudden destruction of 
the then existing inhabitants of the seas. 

548. The fossil fishes of Torre d'Orlando, in the Bay 
of Naples, appear to have perished suddenly. An entire 
shoal seems to have been destroyed at once, at a place 
where the waters were either contaminated hy some noxious 
impregnation, or overcharged with heat; which may have 
resulted from the volcanic action of Mount Vesuvius. 

549. At the present time, fishes are known to perish 
from an excessive admixture of mud with the water of the 
sea, during extraordinary tempests. A sudden irruption 
of salt water into lakes or estuaries previously occupied by 
fresh water, or a sudden occupation of a portion of the sea 
by an immense body of fresh water from a bursting lake, 
or unusual land-flood, is often fatal to large numbers of 
the inhabitants of the waters thus respectively inter- 
changed. 

550. The circumstances under which fossil fishes are found at 
Monte Bolca, seem to indicate that they perished suddenly on arriving ; 
at a part of the then existing seas, which was rendered noxious by 
volcanic agency, of which the adjacent basaltic rocks afford abundant 
evidence. The skeletons of those fish lie parallel to the laminsB of the 
strata of the calcareous slate ; they are always entire, and so closely 
packed on one another that many individuals are often contained in 
one block. All these fish must have died suddenly on this fatal spot, 
and have been speedily buried in the calcareous sediment then in course 
of deposition. From the fact that certain individuals have even 
preserved traces of colour upon their skin, we may be certain that they 
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were entombed before decomposition of their soft parts had taken 
place. Many of the fishes in some deposits have a distorted attitude, 
which is due to the unequal contraction of the muscular fibres, which 
causes fish and other animals to become stiff during a short interval 
after death. As these fishes retain the rigid attitude, they must have 
been buried before decomposition took place.* 

551. Wh^ may we infer that the Earliest Plants were 
AlgcB and their allied forms? 

When we investigate the many different strata which 
lie one above another, we find that those lowest down, 
although partly deposited from water, do not contain the 
slightest trace of animals or plants. Upon the primitive 
rocks rest certain others, in which the vegetable kingdom 
is represented only by fucoids, or sea-weeds, while they 
contain abundance of marine animals. Hence it is con- 
sidered that no animals or plants existed in the periods in 
which the lowest rocks were formed, and that the first form^ 
of vegetation were those of sea weeds, 

552. So far as is yet known, animals and plants appear 
together. We have seen that the first remains of animal 
life are scarce ; and, as the existence of. any kind of 
animals implies the prior, or at least the contemporaneous, 
existence of vegetables, to afford them sustenance, the presence 
of sea weeds in strata coeval with these ancient animals, and 
their continuance onwards throughout all formations of 
marine origin, is a matter of prohahility, which has been 
confirmed by the results of actual observation, 

553. There appear no traces of a terrestrial vegetation, until we 
reach the uppermost beds of the Upper Silurian System. Fossilised 
sea- weeds occur in repeated thin layers among the Transition strata 
of North America. Similar deposits have also been found in the 
Grauwacke of Central Pennsylvania; in one place seven courses oif 

• Dr. Backland. 
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"Bat he answered and said, every plant which my heayenly Father hath not 
planted, shall be rooted ap.''--HATTHzw zv. 



plants are laid bare in the thickness of four feet; in another, one 
liundred courses within a thickness of twenty feet. Fucoids have also 
been found in great abundance in the Grauwacke-slate of the Maritime 
Alps. They have also been found dispersed abundantly through shale 
of the lias formation, from a well at Cheltenham ; and in the Upper 
Oreensand, near Bognor, in Sussex. 

554. Marine vegetation is divisible into different systems, like those 
prevailing on the land; but they are much fewer, as we might have 
«xpected, the temperature of the ocean being more uniform than that 
of the atmosphere, and consequently the dispersion of species from one 
zone to another being less frequently checked by the intervention 
of uncongenial climates. The proportion also of land to sea throughout 
the globe being small, the migration of marine plants is not so often 
stopped by barriers of land, as is that of the terrestrial species by the 
ocean. The number of hydrophytes, as they are termed, is very con- 
siderable, and their stations are found to be infinitely more varied than 
could have been anticipated; for, while some plants are covered 
and uncovered daily by the tide, others lie at the depth of several 
hundred feet.* 

555. The long upward march of the animal kingdom takes its 
departure as a starting-point from a thick forest of algce. In 
Bohemia, Sweden, the British Islands, and North America — ^where- 
over what appears to be the lowest, or at least one of the lowest zones 
of life, has yet been detected— the rocks are found to be darkened by the 
remains of algee, so abundantly developed in some cases, that they 
compose, as in the ancient Lower Silurians of Dumfriesshire, impure 
beds of anthracite several feet in thickness. Apparently from the 
orig^al looseness of their texture, the individual plants are but 
indifferently preserved ; nor can we expect that organisms so ancient 
and fragile should exhibit any very close resemblance to the plants 
which darken the half-tide rocks of our coasts at the present time.t 

556, What Evidence is afforded by the Fossil Bemains of 
Ferns upon Changes of the Earth's Temperature? 

Finding that tlie fossil remains of ferns decrease con- 
tinually in number as we asdend from the most ancient 

* Sir a LyeU. t Hugh MiUer. 
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** In the day shalt thou make tbj plant to grow, and in the morning shalt thou 
make thy seed to floarish ; but the harvest shall be a heap in the day of grief and 
of desperate sorrow.**— Isaiah ZTii. 



to the recent strata, it is a reasonable inference that 
the earth has undergone successive changes of climate and 
diminutions of temperature. The circumstances most favour- 
able to the growth of ferns are humidity, shade, and heaL 




TREE PERN. 



In the great coal formation there are above 120 known 
species of ferns, forming about one-half of the entire 
known flora of this formation. Fragments of arborescent 
ferns occasionally are found in the same formation. 
M. Brongniart considers these circumstances as indicating 
a vegetation analogous to that of the Islands of the Equi- 
noctial regions of the present earth ; and infers that the 
same conditions of heat and humidity which favour the 
existing vegetation of these islands, prevailed in «;t>SL 
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<* And ereiy plant of the field before it was in the earth, and every herb of the 
field before it grew : for the Lord Qod had not canned it to rain upon the earth, and 
there was not a man to till the gronnd."— Gshssu ii. 



greater degree during the formation of the Carboniferous 
Strata of the Tertiary kingdom. 

657. The forms qf vegetation that fljourished during the Carbo- 
niferotis Era seem to have been in large measure marshy plants, 
loxuriating on low muddy delta lands, like the cypress swamps of the 
Mississippi, or the Sunderbunds of the Ganges. We can picture but 
fedntly the general scenery of those old forests from the broken and 
carbonized remains that have come down to us; but, though some- 
what monotonous, it must have been eminently beautiful in detail. 
The SigillarisB raised their sculptured stems and lofty waving wreaths 
of fronds high over the more swampy gpx)unds, while a thick under- 
wood of Ferns and star-leaved AsterophyUites clustered amid the 
shade below. The Lepidodendra shot forth their spiky branches 
from the margin of green islets, and dropped their catkins into the 
sluggish water that stole on among the dimpled shadows underneath. 
Tree Ferns spread out their broad pendent fronds, and wrapped the 
ground below in an almost twilight gloom, 

658. Thickets of tall Reeds rose out of the water, with stems mas- 
sive as those of our own forest trees, encircled at regular distances 
by wreaths of painted leaflets, and bearing on their summits club-like 
catkins. Far away, the distant hills lay shaggy with Pine-woods, 
and nursed in their solitudes the springs and rivulets that worked 
a devious course through forest, glen, and valley, until, united into 
one broad river, they crept through the rich foliage of the delta, and 
finally passed away out to sea, bearing with them a varied burden 
of driftwood, pine-trees from the hills, and stray leaves and cones 
from the lower grounds. 

669. How different such a scene from that now presented by the 
very same areas of country ! Those old delta lands are now our coal 
fields, and have exchanged the deep stillness of primeval nature for 
the din and turmoil of modem mining districts. 

6d0. In those ancient times, not only was man uncreated, but 
the earth as yet lacked all the higher types of animal forms. None 
*of the creatures that we see around us existed then ; there were no 
Sheep, nor Oxen, Horses, Deer, nor Dogs. Neither were the quadru- 
peds, of other lands represented ; the forests nourished no Lions 
nor Tigers, no Wolves nor Bears, no Opossums nor Kangaroos. In 
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** As for the earth, out of it cometh bread, and under it is tamed up as it 
were fire."— Job zzviii. 



truth, the land must have been a very silent one, for we know as yet 
of no animated existence that could break the stillness, save perchance 
some chirping Grasshopper, or droning Beetle, or quivering Dragon- 
fly. No Bee hummed along on errands of industry; it is doubtful, 
indeed, whether honey-yielding flowers formed part of the Carho^ 
niferous flora ; no Lark carolled blithely in the sky, nor Rook croaked 
among the woods. All was still ; and one might, perhaps, have stood 
on some of those tree-crested islets, and heard no sound but the 
rippling of the water along the reedy and sedgy banks, and the 
rustling of the gloomy branches overhead. 

661. But the Hfelessness of the Carboniferous forests was amply 
compensated by the activity that reigned in the river, lagoon, and 
sea. Coral groves gleamed white beneath the waves ; Fishes of many 
a shape disported in stream and lake, and the bulkier forms, armed 
in massive plates of bone, ascended the rivers, or hunted the deeper 
recesses of the open sea. In some beds of rock the remains of these 
various animals lie crowded together like drifted tangle on the sea- 
shore, and the whole reminds us of a vast cemetery or charnel-house. 
The bones lie at all angles, many of them broken and disjointed, as 
though the owner had died at a distance, and his remains, sadly 
mutilated on the way, had been borne to their last resting-place 
by the shifting currents; others lie all in place, covered with their 
armature of scales, as though the creature, conscious of approaching 
dissolution, had sought out a sheltered nook and there lain down 
and died.* 

562. Whi/ may we infer that the Temperature of the 
Earth's Surface was Greater in the Earlier Epochs than at 
Present ? 

If we take a general view of the remains of both marine 
and terrestrial vegetables that are distributed through the 
three great periods of geological history, we find a marked 
division of them into three great groups, each respectively 
indicating the same successive diminutions of temperature upon 
the landy which have been inferred from the remains of the 
vegetation of the sea. 

• Geikie. 
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** There went up a smoke out of his nostrils, and fire out of his month deTOured r 
eoals irere kindled by it."— n Saicuel xxii. 



563. Thu8^ in strata of the Transition series, we have an association 
of a few existing families of Endogenous plants, chiefly ferns and 
JEquisetaceiB, with i>erhap8 extinct families, hoth Endogenous and 
Exogenous, which some modem botanists have considered to indicate^ 
a climate hotter than that of the Tropics of the present day, 

564. In the Secondary formations, the species of those most early 
families become much less numerous, and many of their genera, and 
even of the families themselves, entirely cease ; and a large increase 
takes place in two families that comprehend many existing forms of 
vegetables, and are rare in the coal formatian, viz., Cycadecs and 
Coniferee, The united characters of the groups associated in this 
series indicate a climate whose temperature was similar to that which 
prevails toithin the present Tropics. 

565. In the Tertiary deposits, the greater number of the families of 
the first series, and many of those of the second, disappear, and a more 
complicated Dicotyledonous vegetation takes place of the simple forms- 
which predominated through the preceding periods. Smaller Equi" 
setacece also succeed to the gigantic Calamites, Ferns are reduced in 
size and number to the scanty proportions they bear on the sunken 
verge of our temperate climates ; the presence of Palms attests the 
absence of any severe degree of cold, and the general character marks 
a climate nearly approaching to that of the Mediterranean,* 

566. The submarine vegetation also admits of three great divisions,, 
which characterise to a certain degree the plants of the frigid, tempe- 
rate, and torrid zones ; that an analogous distribution of the fossil sub- 
mersed AlgcB appears to have placed in the lowest and most ancient 
formations genera allied to those which now grow in regions of the 
greatest heat, whilst the forms of marine vegetation that succeed each 
other in the Secondary and Tertiary periods seem to approximate 
hearer to those of our present climate, as they are respectively enclosed 
in strata of more recent formation.! 

567. Wht/ are the Bemains of Terrestrial and Fresh and 
Salt Water Animals found Fossilized together ? 

These deposits were doubtless formed in estuaries where 
the waters of seas, lakes, and rivers mingled. Such 

• Dr. Backland. f H. Brongniart. 
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" And the sea gare up the dead which were in it**— Rkyexxtioks xx. 

conditions are analogous to those which are now to be 
observed near the deltas of the Nile, the Mississippi, and 
other great rivers. 

568. Thus, we find a strata of oyster shells, that indicate 
the presence either of salt or brackish water, interposed 
between limestone strata filled with fresh-water shells 
among the Purbech formations ; so also in the sands and 
clays of the Wealden formation of Filgate Forest are found 
fresh-water and lacustrine shells, intermixed with remains 
of large terrestrial reptiles. « 

669. From one limited tract of sea-bottom on the Norfolk coast, 
the iSshermen employed in dredging for oysters brought ashore, 
in the course of thirteen years, no fewer than two thousand 
€lephant*s grinders, besides great tusks and numerous portions of 
skeletons. It was calculated that these remains must have belonged 
to as many as five hundred individual mammoths of English 
growth ; and, various in their states of preservation, and belonging 
to animals of which only a few at a time could have found sufficient 
food in a limited tract of country, the inference seems inevitable 
that they must have belonged, not to one or two, but to many 
succeeding generations of elephants. 

570. Whi/ is Geology indebted for many of its Facts to 
Shell-forming Animals f 

Because the enduring nature of the calcareous coverings 
which those animals had the power of secreting, has placed 
our knowledge of Fossil Shells almost on a footing with 
that of recent Conchology, and throws considerable light 
upon the ancient conditions of the earth. 

571. In the present state of the science it is chiefly by aid 
<f shells that we are enabled to arrive at several important 
conclusions ; for of all classes the Testacece are the most 
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** Truly in vain is salvation hoped for from the hills, and from the multitudes of 
mountains : truly in the Lord our God is the salvation of Israel.*'— Jeremuu iii. 



generally diffused in a fossil state, and may be called tlie 
medals principally employed by nature in recording the 
chronology of the past. 

572. We find many and Tarious forms both of univalve and bivalve 
shells, mixed with numerous remains of articulated and radiated 
animals^ in the most ancient strata of the transition period that contain 
any traces of organic life. Many of these shells agree so closely with 




TURRULITB. 

existing species, that we may infer their formations to have been the 
same, and that they were inhabited by animals of form and habits 
similar to those which fabricate the living shells most nearly resembling 
them. All turbinated and living shells are constructed by molluscs of a 
higher order than the Conchifers, which construct bivalves ; the former 
have beads and eyes. The Conchifers, or constructors of bivalves, are 
without either of these important parts, and possess but a low degree of 
any other sense than touch or taste. Thus, the Mollusc which occupies 
a Whelk or a Limpet shell, is an animal of a higher order than the 
Ck>nchifer enclosed between the two valves of a Mussel or an Oyster 
sheU. 

573. Lamarck has divided them into two great sections, viz., 
herbivorous and carnivorous ; the carnivorous are also divisible into 
two families of different office, the one attacking and destroying living 
bodies, the other eating dead bodies that have perished in the course of 
nature, or from accidental causes, after the manner of the Hyeenas and 
Vultures, which by preference live on carrion. The same principle of 
economy in nature, which causes the dead carcases of the hosts of 
terrestrial herbivorous animals to be accelerated in their decomposition 
by forming the food of numerous camivora, appears also to have been 
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** And tliey shall look unto the earth ; and behold trouble and darkness, dimness 
t>f anguish; and they shall be driven to darkness.**— Isaiab riii. 



applied to the submarine inhabitants of the most ancient as well as of the 
existing seas; thus converting the death of one tribe into the nutriment 
and support of life in others. 

574. Most collectors have seen upon the sea shore numbers of dead 
shells, in which small circular holes have been bored by the pre- 
dacious tribes for the purpose of feeding upon the bodies of the 
animals contained within them. Similar holes occur in many fossil 
shells of the Tertiary strata, wherein the shells of carnivorous Tra- 
chelipods also abound; but perforations of this kind are extremely 
rare in the fossils of the older formation. 

575. Whi/ are Stone Lilies so called f 

From a fanciful resemblance to lilies. They are fossil 
remains which have long been known as EncriniteSy and 
have lately been classed under a sepa- 
rate order of the name of Crino'idea. 
Successions of strata, each of many 
feet in thickness, and many miles in 
extent, are often half made of the 
skeletons of these radiated animals. 
The Entrochal Marble of Derbyshire, 
and the Black Rock in the cliffs of 
carboniferous limestone near Bristol, 
are well-known examples of strata thus 
composed; and show how largely the 
bodies of animals have occasionally con' 
tributed by their remains to increase the 
volume of materials of the mineral world. 



^k 







CSINOIDEANS. 



576. Although the representatives of Crinoideans in our modem seas 
are of rare occurrence, this family was of vast numerical importance 
among the earliest inhabitants of the ancient deep. The bony portions 
formed the great bulk of their bodies, as they do in Star-fishes ; the cal- 
careous matter of these little bones was probably secreted by a perioS' 
/6um which, in cases of accident, to which bodies so delicately con&tx^&ss^R^ 
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*' Let the heavens be f^M, and let the earth rejoice : and let men say among the- 
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must have been exposed in stormy seas, seems to have had the power 
of depositing fresh matter to repaur casuid injuries, as Crabs and Lobsters 
reproduce their lost claws and legs, and many Lizards their tails and 
feet. The arms of Star-i^shes also, when broken off, are reproduced 
in a like manner. 

577. We may judge of the degree to which the individuals of these 
species multiplied among the first inhabitants of the sea, from the 
countless myriads of their petrified remains, which fill so many lime- 
stone beds of the transition formations, and compose vast strata of 
Entrochal Marble, extending over large tracts of country in Northern 
Europe and North America. TTie substance of this marble is often 
almost as entirely made up of the petrified bones of Crinoideans as a 
corn-rick is composed of straws. Man applies it to construct his 
palace and adorn his sepulchre ; but there are few who know, and still 
fewer who duly appreciate, the surprising fact, that much of this marble 
is composed of the skeletons of millions of organised beings, once 
endowed with life and susceptible of enjoyment, which, after performing, 
the part that was for a while assigned to them in living nature, have 
contributed their remains towards the composition of the mountain 
masses of the earth.* 

578. What Junction do Polypes fulfil in the Sea f 

We find them acting as scavengers of the lowest class, 
perpetually employed in cleansing the waters of the sea from 
impuritieSy in the same manner as the insect tribes, in their 
various stages, are destined to find their food by devouring 
impurities caused by dead animal and vegetable matter upon 
the land. 

579. Why may we be assured that the Humblest forms 
of Life have exerted Gfreat Influences upon the Earth? 

Because the microscopic examination of a mass of rude 
and lifeless limestone or sand discloses the curious fact 
that large portions of its substance have once formed parts of 
living bodies, 

580. It is surprising to consider that the walls of our 

• Dr. Backland. 
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" One generation passeth away, and another generation cometh; bnt the earth 
■abideth for ever."— Eoclesiastes i. 



Iiouses are sometimes composed of little else than com- 
minuted shells, that once were the dwellings of other 
animals, at the bottom of ancient seas and lakes. 

581. A great part of the present surface of the earth is 
derived from the remains of animals that constituted the 
population of ancient seas. Many extensive plains and 
massive mountains form, as it were, the great charnel-houses 
of preceding generations, in which the petrified exuviae of 
■extinct races of animals and vegetables are piled into 
stupendous monuments of the operations of life and 
death. 

582. At the sight of a spectacle so imposing, so terrible, 
«s that of the wreck of animal life, forming almost the 
-entire soil on which we tread, it is difficult to refrain from 
wonder at the causes by which such great effects have 
been produced. 

583. W7ii/ are Trilohites objects of Chreat Interest in the 
JStudy of Geology? 

Because they were some of the first-created inhabitants of 
our planet. The great extent to which they are distributed 
over the surface of the globe, and their numerical abundance 
in the places where they have been discovered, are remark- 
tible features in their history; they occur at most distant 
points, both of the Northern and Southern Hemispheres. 
The fossils of this family have long attracted attention, 
from their strange peculiarities of configuration. 

684. The family appears to have been annihilated at so early a period 
:as the termination of the carboniferous strata ; they nevertheless pre- 
sent analogies of structure which place them in near approximation to 
the inhabitants of existing seas. An approximation to the character of 
Trilohites occurs in the Limulus, or King Crab, a genus now most 
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abundant in the seas of warm climates, chiefly in those of India, and 

of the coasts of America. 
685. The anterior segment of the Trilobites is composed of a large 

semicircular or crescent-shaped shield, succeeded by an abdomen or 

body, composed of numerous 
segments folding over each 
other, like those in a Lobster*^ 
tail, and generally divided by 
two longitudinal furrows into 
three ranges of lobes, from 
which they have derived the 
name Trilobites, Behind thia 
body, in many species, i& 
placed a triangular or semi- 
lunar tail or post-abdomen 
less distinctly lobed than 
the body. 




SILURIAN TRILOBITE. 



586. The eyes of Trilobites 
were compound, like those 
of Butterflies and Dragon- 
flies, which are adapted to produce distinct vision through the medium 
of a number of minute facets or lenses, placed at the extremity of 
an equal number of conical tubes or microscopes. In one species, 
each eye has been found to contain at least 400 nearly spherical 
lenses, fixed in separate compartments on the surface of the cornea. 
The form of the general cornea is peculiarly adapted to the uses of an 
animal destined to live at the bottom of water : to look downwards 
was as much impossible as it was unnecessary to a creature living at 
the bottom, but for horizontal vision in every direction the contrivance 
was complete. The form of each eye was incomplete only on that side 
which was directly opposite to the corresponding side of the otlier eye, 
and in which, if facets were present, their chief range would be towards 
each other across the head, where no vision was required. The exterior 
of each eye, like a circular bastion, ranged nearly round three-fourths 
of a circle, each commanding so much of the horizon that where the 
distinct vision of one eye ceases that of the other eye begins, so that in 
the horizontal, direction the combined range of both eyes was panoramic. 
We must regard these organs with feelings of no ordinary kind, when 
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toe recollect that we have before us the identical instruments of vision 
through which the light of heaven was admitted to the sensorium of 
some of the first-created inhabitants of our planet.* And that these 
delicate organs should come down to us through untold ages in a state 
of sufficient preservation for the microscope to reveal their beautiful 
and perfect structure is matter for surpassing wonder. 

587. Why doea the study of the Organs of Vision of the 
Trilohites throw material light upon certain Geological 
Problems ? 

Because it appears obvious that the waters wherein the 
Trilobites maintained then* existence through the entire 
period, could not have been that turbid and chaotic fluid from 
the precipitates of which some geologists have supposed the 
materials of the surface of the earth to be derived ; the 
structure of the eyes of these animals is such, that any 
kind of fluid in which they could have been efficient at the 
bottom must have been pure and transparent enough to 
allow the passage of light. 

688. With regard to the atmx>sphere, also, we infer that, had it 
materially differed from its present condition, it might so far have 
affected the rays of light that a corresponding difference from the eyes 
of the existing Crustaceans would have been found in the organs on 
which the impressions of such rays were then received. 

589. Regarding light, we learn, from the resemblance of these most 
ancient organisations to existing eyes, that the material relations of 
light to the eye, and of the eye to light, were the same at the time when 
Crustaceans, endowed with the faculty of vision, were first placed at 
the bottom of the primeval seas, as at the present moment. 

590. Thus, we find among the earliest organic remains an optical 
instrument of most curious construction, adapted to produce vision of a 
peculiar kind, in the then existing representatives of one great class in 
the articulated division of the animal kingdom. If we should discover 
a microscope in the head of an Egyptian mummy, or beneath the ruins 

* Dr. Bnckland. 
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"Happy is he that hath the God of Jacob for his help, whose hope is hi the Lord 

iliS God! "— PSAUC CXlYi. 



of Hercalanemn, it would be impossible not to understand the laws of 
atmosphere and light to which the lenses of snch an instrument were 
Adapted. Th6 same inference follows, but with cumulative force, when 
we see nearly four hundred rnidroecopic lenses set side by side in the 
compound eye of a fossil Tr'dobiteJ* 

591. The Geologist knows no more unique family than the Trilobites 
-^a family in close nicely-jointed shells. The armourer of the Middle 
Ages might have found almost all the contrivances of his craft antici- 
pated, with some adaptations he had fisuled to discover, and which — after 
receiving so immense a development during the middle and later times 
of the Silurian period, that whole rocks were formed almost exclusively 
fjf their remaitis — gradually died out in the times of the Old Red Sand- 
stone, and disappeared for ever from creation after the Carboniferous 
Limestone had been deposited. And yet, though the whole family 
perished myriads of ages ago, how admirably does it exhibit the 
articulated type of being, and illustrate that unity of design which, 
amid endless diversity, pervades all nature.* 

592. What was the origin of Fossil ^^ Footprints^' and 
^' Main-drops f' 

Certain mud-flats are admirably adapted to receive and 

retain markings that may be made upon their surfaces. 

Those that are found at low tide on the borders of the Bay 

of Fundy may be cited as an example. The sediment with 

which the waters are charged is extremely fine, being derived 

from the destruction of clifls of red sandstone and shell; and 

as the tides rise fifty feet and upwards, large areas are laid 

dry for nearly a fortnight between the spring and neap tides. 

. In this interval the mud is baked in summer by a hot sun, 

' 80 that it solidifies and becomes traversed by cracks caused 

' .'^ by shrinkage ; and upon these surfaces, which become 

afterwards covered by new deposits, the footprints of birds, 

nnd the impressions of worm-tracks and rain-drops, are often 

rendered permanent. 

* Dr. Bnckland. f Hngh Miller's <* Testimony of the Rocks." 
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593. Scotland has recently affi>rded eyidence of the existence of more^ 
than one species of terrestrial reptiles daring the period of the New Red 
or Variegated Sandstone formation. Similar impressions have been 




IMPRINT OF THE FOOT OF A BIRD, AND MARKS OF RAIN*DROPS^ 
ON A SLAB OF SANDSTONE. 

discovered about ten miles south of Com Cockle Muir, in the Red Sand- 
stone quarries of Craigs, two miles east of the town of Dumfries, and a 
still later discovery of fossil footsteps has been made in Saxony, at the 
village of Hesseberg, in several quarries of Grey Sandstone, alternating 
with beds of Red Sandstone^ nearly of the same age with that of 
Dumfries. 

594. Why are some of the Quarries in which Footsteps are 
found Destitute of Bones of the Animals they represent ? 

This circumstance may perhaps be explained by the 
nature of the siliceous sandstone having been unfavourable 
to the preservation of organic remains. Conditions which 
would admit of the entire obliteration of bones, would in 
no way interfere with the preservation of impressions made 
by feet, and speedily filled by a succeeding deposit of 
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sand, which would assume, with the fidelity of an artificial 
plaster mould, the precise form of the surface to which it 
was applied.* 

595. In 1844 footprints of a reptile, related to the Salamanders, 
were found in the coal measures of Rhenish Bavaria; and in 1847 
marks of three species of another genus were obtained from the coal 
of Saarbriick, . between Treves and Strasburg. The footprints of a 
large quadruped, probably Batrachian, were also observed in the 
carboniferous rocks of Pennsylvania in 1844; and the bones of a 
reptile in the coal of North America were detected in 1852. Bones 
have also been found in some of the sandstone quarries, with the 
footsteps. 

596. Whi/ is the study of Fossil Fishes of Great Importance 
in relation to Geology ? 

Because of the formation of a vast proportion of the 
surface of the earth beneath water. The study of fossil 
Ichthyology is, therefore, of peculiar importance to the 
geologist, as it enables him to follow an entire class of 
animals, of so high a division as the vertebrate, through 
the whole series of geological formations, and to institute 
comparisons between their various conditions during the 
successive periods of the earth's formation. 

597. The character of fishes is so surely and constantly 
indicated by their scales, that the preservation of a single 
scale will often announce the genus and even the species of 
the fish from which it was derived. A further advantage 
arises from the fact, that the enamelled condition of the 
scales of most fishes which existed during the earlier 
geological epochs, rendered them much less destructible 
than their internal skeletons; and cases frequently occur 
where the entire scales and figure of the fish are perfectly 
preserved, whilst the bones within these scales have 

• Dr. Buckland. 
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altogether disappeared, the enamel of the scales being less 
soluble than the more calcareous material of the bone. 

598. The character of fossil Jishes does not change imperceptibly 
from one fonnation to another, as in the case of many Zoophytes and 
Testaceaa ; nor do the same genera, or even the same iamilies pervade 
successive series of formations ; but their changes take place abruptly, 
at certain points in the vertical succession of the strata, like the sudden 
changes that occur in fossil reptiles and mammalia. Not a single 
species of fossil fishes has yet been found common to any ttoo great 
geological formations; nor in our present seas. 




PTERICHTHY8 C0RNUTU8. 

599. The voracious family of Sauroids, or lizard-like fishes, first claim 
attention. Their teeth equal in size those of the largest crocodiles; 
they occur in the lower regions of the Coal formation near Edinburgh. 
Their prodigious size shows the magnitude which fishes of this family 
attained in the Carboniferous era.* But the same early epoch was 
marked by the presence of large numbers of fishes that fed on 
decayed sea- weed and soft animal substances at the bottom of the 
water ; their teeth were small and numerous, and set together like the 
hairs of a brush. 

600. The fishes of the Old Red Sandstone present very uncouth 
forms, covered with bony framework. The Pterichthys (winged fish) 
figured in the engraving is a striking example. This was one of a 
group remarkable for the large size of the bony plates compared with 
that of the animal, and also for the distinct and peculiar forms of such 

* Dr. Bockland. 
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plates. There were also bony coverings to the fins, and a projecting- 
tail, giving the appearance of a winged animal. The arms were 
weapons of defence, which were erected in moments of danger or 
alarm, and at other times lay close by its side. The sole instrument 
of motion was the tail.* The leading character of the fishes most 
numerous in this formation consisted in a peculiar armature of all 
parts of the mouth, with a pavement of thick, round, and flat teeth. 
The use of this peculiar apparatus was to crush small shells and small 
Crustaceae, and to comminute putrescent sea-weeds. 

601. The fishes of the Chalk formation ]^Teseiit remarkable changes. 
Genera of the first and second orders (Placoidian and Ganoidlan) 
which had prevailed exclusively in all formations till the termination of 
the Oolitic series, ceased suddenly, and were replaced by genera of 
new orders (Ctenoidian and Cycloridian), then for the first time intro- 
duced. Nearly two-thirds of the latter are now extinct; but these 
approach nearer to fishes of the tertiary series than to those which had 
preceded the formation of the chalk. Comparing the fishes of the 
Chalk with those of the elder tertiary formation of Monte Bolca, we 
find not one species, and but a few genera that are common to 
both. 

602. The fishes of the Tertiary formation exhibit also remarkable 
changes. The fishes of thfe Crag of Norfolk, and the superior sub- 
Appenlne formation, as far as they are yet known, appear for the most 
part related to genera now common in tropical seas, but are all of 
extinct species. 

603. This important family of vertebrated animals presented grada- 
tions of structure amongst the earliest inhabitants of our planet, and 
has ever performed the same impoi'tant functions in the general 
economy of nature as those discharged by their living representatives 
in our modem seas, lakes, and rivers.t 

604. The earliest fishes seem to have been all Placoids — ^those 
which to an internal cartilaginous skeleton unite an external armature 
of plates. With the Old Red Sandstone originated the Ganoids — those 
that are covered, whatever the consistency of their skeleton, by a 
nearly continuous armour of enamelled bone, or by gpreat bony plates 
that lock into each other at their edges ; and for untold ages the entire 

* Miller's *' Old Red Sandstone." t Dr. Buckland. 
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class of fishes consisted, so far as is yet known, of but these two orders. 
During the times of the Old Red Sandstone, of the Carboniferouflj, of 
the Permian, of the Triassic, and of the Oolitic systems, all fishes, 
though apparently as numerous individually as they are now, were 
comprised in the Ganoidal and Placoidal orders. At length, during the 
ages of the Chalk, the Cycloids — fishes whose scales resemble those of 
the Salmon — and the Ctenoids, having scales like those of the Perch, 
were ushered in, and were gradually developed in creation until the 
human period, in which they seem to have reached their culminating 
point, and now many times exceed in number and importance all other 
fishes. We do not see a Sturgeon (our British representative of the 
Ganoids) once in a twelvemonth ; and though the Skate and Dog-fish 
(our representatives of the Placoids) are greatly less rare, their 
number bears but a small proportion to that of the fishes belonging to 
the two prevailing orders, of which thousands of boat-loads are landed 
on our coasts every day.* 

605. Whi/ is the Flesiosaurus so named? 

From two Greek words — plesion, near to, and saura, a 
lizard. Of this animal, Cuvier asserts that its structure 
is the most monstrous that has yet been found among the 
ruins of a former world. 

606. To the head of a lizard it united the teeth of a 
crocodile, a neck resembling the body of a serpent, a trunk 
and tail having the proportions of an ordinary quadruped, 
the ribs of a chamelion, and the paddles of a whale. The 
first specimens were discovered in the lias of Lyme Regis, 
about the year 1823, and other examples have since been 
recognized in the same formations in different parts of 
England, Ireland, France, and Germany, and in formations 
of various ages, from the muschelkalk upwards to the 
chalk. 

607. The Plesiosauri appear to have lived in shallow seas and 
estuaries, and to have breathed air, like our whales. The most remark- 

* Hugh HiUer. 
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able feature of the genus is the extraordinary extension of the neck to 
a length almost equalling that of the body and tail together. The tail, 
being comparatively short, could not have been used, like the tail of 
fishes, as an instrument of rapid impulsion in a forward direction, but 
was probably employed as a rudder on the sur&ce, and to elevate or 




PLESIOSAimDS DOLICHODEiaUS. 

depress the body in ascending or descending the water. The com- 
pound character of the ribs probably gave it the power of compressing 
air within its lungs, and in that state taking it to the bottom. That it 
was aquatic is quite evident from the form of the paddles ; that it was 
marine is almost equally so, from the remains with which it is 
universally associated ; that it may have occasionally visited the shore, 
the resemblance of its extremities to those of the turtle may lead us to 
conjecture. Its motions, however, must have been very awkward on 
land; its long neck must have Impeded its progress through the water, 
for which reason it probably stoam upon the surface, arching its long 
neck like the swan, and occasionally darting it down at the fish which 
happened to come within its reach. It may, perhaps, have lurked in 
shoal water along the coast, concealed among sea-weed, and, raising 
its nostrils to a level with the surface from a considerable depth, may 
have captured its prey from this position of concealment, and at the 
same time found a secure retreat trom dangerous enemies. 
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608. The Pterodactyles form a genus presenting more singular 
anatomical combinations than are to be found in any other creatures yot 
discovered amid the ruins of the ancient earth. The structure of these 
animals is so exceedingly anomalous, that the first one discovered was 
considered by one naturalist to be a bird, by another as a species of 




PTERODACTTLUS CRASSIROSTIS. 

bat, and by a third as a flying reptile. This extraordinary discordance 
of opinion arose from the presence of characters apparently belonging 
to each of the three classes to which it was referred ; the form of its 
head, and length of neck, resembling those of birds, its wings approach- 
ing to the proportion and form of those of bats, and the body and tail 
approximating to those of ordinai*y mammalia. These characters, 
connected with a small skull, as is usual among reptiles, and a 
beak furnished with not less than sixty pointed teeth, presented a 
combination of apparent anomalies. 

609. The Pterodactyles are ranked by Cuvier among the most extra- 
ordinary of all the extinct animals that have come under his consider- 
ation; and such as, if we saw them restored to life, would appear most 
strange, and unlike anything that exists at present. The specimens 
found vary from the size of a snipe to very gigantic dimensions, the 
expanse from tcing to icing being no leas than twenty-seven feet. 



y 
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610. Their eyes were of enormous size, from which we may infer 
that ihayfiew by night ; and that some of them fed upon night-flying 
insects, of much larger size than any that are now known. From their 
wings terminating in projecting fingers, terminated by long hooks, they 
must have been able to climJb the rough surfaces of rocks, or suspend 
themselves from trees. The head and teeth of two species of Ptero- 
<iactyle are so much larger and stronger than is necessary for the 
capture of insects, that the larger species of them may have fed on 
fishes, darting upon them from the air, after the manner of sea swal- 
lows and Bolan geese, and they may also have preyed upon the fevx 
Marsupial animals which then existed upon the land. The study of 
these wonderful mechanisms shows that even in the most distant eras 
the same care of our all-wise Creator, which we witness in the mecha- 
nism of our own bodies, and those of the myriads of inferior creatures 
that move around us, was extended to the structure of creatures which 
«t first sight seem made up only of monstrosities.* 

611. Why may the habits of Extinct Ammals he inferred 
Jrom their Remains f 

An example or two may suffice in explanation. The 
Dinofhsrium was probably the largest of the terrestrial Mam- 
maUa; the lower jaw and the tusks exhibit an extraordinary 
•arrangement, adapted to the peculiar habits of a gigantic 
Jierbivorotis aquatic quadruped. The most remarkable bone 
of the body yet found is the shoulder-blade, the form of 
which more resembles that of a mole than of any other 
imimal, and indicates a peculiar adaptation of the fore leg 
to purposes of digging, an indication which is corroborated 
\>j the remarkable structure of the lower jaw. 

612. It is mechanically impossible that a jaw, nearly four 
feet long, loaded with such heavy tusks at its extremity, could 

have been otherwise than cumbrous and inconvenient to a 
quadruped living on dry land. No such disadvantage 
would have attended this structure in a large animal des- 
tined to live in water ; and the aquatic habits of the family 

* Dr. Backland. 
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of tapirSy to which the Dmotherium was most nearly allied, 
render it probable that, like them, it was an inhabitant of 
lakes and rivers. 

613. To an animal of such habits the weight of the tusks 
sustained in water would have been no source of incon- 
venience ; and, if we suppose them to have been employed 




DINOTHERIUM. 

as instruments for raking and grubbing up by the roots large 
aquatic vegetables from the bottom, they would combine the 
mechanical powers of the pick-axe with those of the horse- 
harrow of modern husbandry. The weight of the head, 
placed above these downward tusks, would add to their 
efficiency, the more so as the skull was obviously connected 
with very powerful muscles, which would give that peculiar 
movement to the head which would enable the tusks to dig 
into and tear up the earth. 

614. The following will show how the species of an animal may be 
determined hy the inspection of a single organ. It is from the cor- 
respondence between single characters and general plans of structme 
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that the nature of the whole animal is detennined, from a single frag- 
ment of its skeleton, or from one of its teeth. In no animal is the body 
made up of a number of disconnected parts, united, as it were, at 
hazard; for all its organs have a more or less intimate connection with 
€ach other, so that there is a kind of harmony amongst them all, and 
between every part and.the entire structure. 

615. Thus, the simple inspection of the tooth represented in the 
accompanying figure, suffices to disclose to the scientific naturalist the 
following facts regarding the animal to which it belonged. In the first 
place, there must have been a bony framework, in which this tooth was 
planted, and which gave support to the rest of the body ; and as this 
internal framework does not exist in any other animals than those of 
the vertebrated series, we know that the animal in question had the 
brain and spinal cord, the complete set of organs of the senses, the red 
blood, &c., which belong to the sub-kingdom only. 

616. Further, there are certain characters about the roots of this 
tooth which enable the anatomist to feel certain that it must have been 
implanted in a deep socket, which is only the case in mammals and 
reptiles; and he may further determine from them that the animal 
belonged to the former, and that it must, therefore, have possessed 
tho organization which is peculiar to it. 

617. Again, by the form of the crown of the tooth, it is easily shown 
that it was destined to divide animal flesh, and that it consequently 

belonged to a carnivorous quadruped. 
To digest the flesh, the animal must 
have had a stomach and intestinal 
canal formed upon a certain plan; 
and, in order to obtain its prey, it 
must have had appropriate organs of 
locomotion and prehension. Its ex- 
tremities must have terminated in 
separate toes, and these must have 
been armed with claws. The limbs 
must have been furnished with very 
powerful muscles, to enable the animal 
to give chase to its prey, or to spring 
upon it unawares, and afterwards drag 
it to its den. The head, also, must have been connected with the 
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spinal column by ligaments and muscles of great power, attached 
to elevated portions of the vertebrae, in order that it might have 
the power of lifting the heavy bodies which the animal desired to 
remove. The lower jaw must have been connected with the upper 
by a hinge, admitting but a scraper-like action, by which the edges 
of the cutting teeth were constantly kept sharp; and the muzzle 
must not have been very protuberant, otherwise the strength of 
the muscles which raise the jaw would be applied at a great disad- 
vantage. The cranial cavity must have been comparatively large, 
ill order that the size of the brain might correspond with the degree 
of vitality which the habits of the animal required. By inferences 
of this kind, and under the guidance of our knowledge of the forms 
at present existing, all the leading peculiarities of an animal may 
be deduced from any characteristic portion of it; for, if any part 
essential to the action of the remainder had been deficient, the 
animal could not have maintained its existence.* 

618. The remains of the Megatherium have been found chiefly 
in the southern regions of South America, and most abundantly in 
Paraguay. We have here to contemplate a gigantic quadruped^ 
apparently ill-proportioned as a whole, and whose members seem in- 
congruous and clumsy. The hones of the head most nearly resemble 
those of a Stork ; the long and broad bone descending from the end 
of the skull must have been auxiliai'y to the power of great muscles 
giving motion to the lower jaw. The anterior part of the muzzle 
is so strong and substantial, and so perforated with holes for the 
passage of nerves and vessels, that we may be sure it supported 
some organ of considerable size ; a trunk was needless to an animal 
possessing so long a neck ; the organ was probably a snout, something 
like that of the Tapir, sufficiently elongated to gather up roots from 
the ground. The partition of the nostrils also, being strong and bony, 
gives further indication of the presence of a powerful organ appended 
to the nose; such an apparatus would have afforded compensation 
for the absence of incisor teeth and tusks; and, having no cutting 
teeth f the Megatherium could not have lived on grass; while the 
structure of the molar teeth, resembling the compound molars of 
the Elephant, shows that it was not carnivorous. The teeth of the 

* See the " Reason Why, Natural History,*' for interesting views of the 
adaptation of animal forms. 
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Megatherinm, together with the bony and muscular structure of the 
Lead and jaws, exhibit the perfection of machinery for masticating 
large roots and branches 

610. The tail was long, and composed of yertebrce of enormous 
magnitude ; the diameter of the tall at its largest end, must have 
been at least two feet; and its circumference about six feet. This 
enormous tail would give support to the body in various positions, 
facilitate the turning of the animal, and serve for a formidable 
instrument of defence to an animal subject to attach from behind 
while drinking or feeding. 

620. In the shoulder-blade and collar-bone there were great 
provisions to give strength and motion to the fore legs, admitting of 
free motion in different directions. The entire fore foot must have 
been about a yard in length, and more than twelve inches wide, 
forming, together with the freedom of the arm, a most efficient 
instrument for moving the earth from that depth within which 
succulent roots are usually abundant. The claws of the toes were 
set obliquely to the ground, like the digging daws of the Mole, 
a position which made them Instruments of greater power for 
purposes of excavation. 

621. The enormous size of the pelvis, the strength of the tail, 
and breadth of the feet, must have been of g^eat advantage to 
the animal, %chen standing on three legs, whilst the fourth was 
occupied in digging. From the enormous size of the pelvis, it follows 
that the abdominal cavity was extremely large, and the viscera volu- 
minous, and adapted to the digestion of vegetable food. The haunches 
of the Megatherium were more than nine feet wide, and its body 
twelve feet long, and eight high; its feet were a yard in length, 
and terminated by gigantic claws; its tail was much longer than 
the tail of any other beast among extinct or living terrestrial 
mammalia. Thus heavily constructed, it could neither run, nor leap, 
nor burrow under the ground, and all its movements must have 
been necessarily slow; but what need of rapid locomotion to an 
animal whose occupation of digging roots, or uprooting trees for 
food, was almost stationary ? and what need of speed for flight from 
foes to a creature who, by a single stroke of his paw, or lash of 
his tail, could in an instant have demolished the Couguar or the 
Crocodile ? 
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622. Why may the comparatively Becent Origin of Man 
he regarded as a Geological Demonstration? 

No conclusion is more fully established than the fact 
of the total absence of any vestiges of the human species 
throughout the entire series of geological formations. The 
circumstance of no human remains having been found in 
conjunction with those of extinct animals, may be alleged 
in confirmation of the belief that those animals lived and 
died before the creation of man,* 

623. No inhabitant of the land exposes himself to so many dangers 
on the waters as man, whether in a savage or a civilized state ; and 
there is no animal, therefore, whose skeleton is so liable to become 
imbedded in lacustrine or submarine deposits. Nor cau it be said that 
his remains are more perishable than those of other animals, for, in 
ancient fields of battle, the bones of men have suffered as little decom- 
position as those of horses which were buried in the same grave. But 
even if the more solid parts of our species had disappeared, the 
impression of their forms would have remained engraven on the rocks,^ 
as have the traces of the tenderest leaves of plants, and the soft integu- 
ments of many animals. Works of art, moreover, composed of the 
most indestructible materials would have outlasted almost all the 
organic contents of the sedimentary rocks.t 

624. The occasional discovery of human bones and works of art in 
any stratum within a few feet of the surface, affords no certain evidence 
of such remains being coeval with the matrix in which they are 
deposited. The universal practice of interring the dead, and frequent 
custom of placing various instruments and utensils in the ground, offer 
a ready explanation of the presence of bones of men in situations 
accessible for the purposes of burial. The most remarkable re- 
corded case of human skeletons imbedded in solid limestone rock is^ 
that on the shore of Guadaloupe, There is, however, no reason to 
consider these bones to be of high antiquity, as the rock in which they 
occur is of very recent formation, and is composed of agglutinated 
fragments of shells and corals which inhabit adjacent water. Such 

« Dr. Bnckland (1858). t Sir G. Lyell. 
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kind of stone is frequently formed in a few years from sand-banks 
composed of similar materials, on the shores of tropical seas. 

625. F. T. Buckland, Bsq., states that he has seen sections of these 
Gnadaloupe bones, and examined thin sections of them under a micro- 
scope. He describes them as not truly " fossil ; " for, whereas in true 
fossil bones the substance of the bone, having entirely disappeared, 
becomes replaced by mineral matter, in the Guadaloupe specimen 
the calcareous or fossilizing matter is not found thoroughly incor- 
porated with the animal and earthy bases of the bone, but scattered 
about irregularly in the form of numerous small and separate ciystals, 
these crystals having been deposited in the minute cavities of the bone 
from the water in which they were held in solution. 

626. Frequent discoveries have also been made of human bones, and 
rude works of art, in natural caverns, sometimes enclosed in stalagmite, 
at other times in beds of earthy materials, which are interspersed with 
bones of extinct species of quadrupeds. These cases may likewise be 
explained by the common practice of mankind in all ages, to bury their 
dead in such convenient repositories. Many of these caverns have 
been inhabited by savage people, who, for convenience of occupation, 
have repeatedly disturbed portions of soil in which their predecessors 
may have been buried. Such disturbances will explain the occasionaj 
admixture of fragments of human skeletons and the bones of modern 
animals with those of extinct species, introduced at more early periods, 
and by natural causes. 

627. The human bones found in the caves of LUge are in a state of 
less decay than those of the extinct species of beasts ; they are accom- 
panied by rude flint knives, and other instruments of flint and bone, 
and are probably derived from uncivilized tribes that inhabited the 
caves. Many of the bones appear to have been brought together, like 
those in the Cave of Kirkdale, by the agency of ffyamas, and have 
evidently been gnawed by these animals ; others, particularly those of 
Bears, are not broken or gnawed, but were probably collected in the 
same manner as the bones of bears in the Cave of Gailenreuth, by the 
retreat of those animals into the recesses of caverns on the approach 
of death.* 

628. The Cave of Atarwsse, on the Orinoco, is not, properly 

* Dr. Backland, 
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speaking, a cave, but rather a vaulted roof, formed by a far over- 
hanging diflf, the cavity having apparently been formed by the waters 
when at their ancient level. This place is the vault or cemetery of an 
extinct nation. Humboldt counted about 600 well-preserved skeletons 
placed in as many baskets woven from the stalks of palm-trees. The 
skeletons are so perfect that not a bone or a joint is wanting. 

629. Why do Geologists affirm that the Earth underwent 
a series of Changes that fitted it as a Habitation for Man ? 

Because those forms of vegetables and animals which are 
most necessary for man did not exist in the period of the 
earlier Geological formations. The earth's geological history 
exhibits an upward progress from dead matter to the hum- 
bler forms of vitality, and from thence to the higher. And 
after great cattle and beasts of the earth had, in due order, 
succeeded inanimate plants, sea-monsters and moving 
creatures that had life, the moral agent, man, entered upon 
the scene. 

630. Agassiz, a geologist, whose statements must be received with 
respect by every student of the science, finds reason to conclude that 
the order of BosdcecB — an order of plants more important to the gar- 
dener than almost any other, and to which the apple, pear, quince, 
cherry, plum, peach, apricot, nectarine, almond, raspberry, strawberry, 
blackberry, and the various bramble-berries all belong, together with 
all the roses and the potentillas — ^was introduced only a short time pre- 
vious to the appearance of man. And the true grasses — a still more 
important order, which, as the corn-bearing plants of the agriculturist, 
feed at least two-thirds of the human species, and in their numerous 
varieties form the staple food of the grazing animals — rarely appear 
in the fossil state. They are peculiarly plants of the human period. 

631. As there are orders of plants, such as the Bosacece and the 
Grasses, that scarcely preceded man in their appearance, so there are 
families of Fishes that seem peculiarly to belong to the human period. 
Of these, there is a family very familiar on our coasts, and which, 
though it furnishes none of our higher aquatic luxuries, is remarkable 
for the numbers of the human family which it provides with a whole- 
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some and palatable food. The families to which the Salmon and the 
Tupbot belong were ushered into being as early as the times of the 
chalk; but the Cod femily— to which the Cod, the Haddock, the Dorse^ 
the Whiting, the Pollock, the Hake, the Torsk, and the Ling belong, 
with many other useful and wholesome species — did not precede man 
by any period of time appreciable to the geologist. 

632. The first Bee makes its appearance in the amber of the Eocene, 
locked up hermetically in its gem-like tomb—an embalmed corpse in a 
crystal coffin, along with the fragments of flower-bearing shrubs and 
trees. Bees and Butterflies are present in increased proportions in the 
latter Tertiary deposits ; but not until that terminal creation to which 
we ourselves belong was ushered on the scene did they receive 
their fullest development. 

633. These facts tell that man's world, with all its grie& and troubles, 
is more emphatically a world of flowers than any of the creations that 
preceded it. The geologist accepts the Bee as a sign in the history of 
the earth. Her entombed remains testify to its gradual preparation 
as a place of habitation, for a creature destined to seek delight for the 
mind and the eye as certainly as for the grosser senses, and especially 
marks the introduction of the stately forest trees, and the arrival of 
delicious flowers. 

634. Cuvier was unable to detect any difference between the skeleton 
of a fossil horse and that of our domestic bj*eed ; a fossil goat of the 
same period cannot be detected from the domesticated animal; and one 
of our two fossil oxen does not differ more from some of the existing 
breeds than these have, in the course of time been made, chiefly by 
artificial means, to differ among themselves. 

636. But of one of our domestic tribes no trace has yet been found 
in the rocks. This is the Sheep, that soft and harmless creature, that 
clothes civilized man everywhere in the colder latitudes with its fleece, 
that feeds him with its flesh, that gives its bowels to be spun into the 
cat-gut with which he refits his musical instruments, whose horns he 
has learned to fashion into a thousand useful trinkets, and whose skin, 
converted into parchment, served to convey to later times the thinking 
of the first full blow of the human intellect across the dreary gulf 
of the Middle Ages.* 

* Hugh MUler^s ** Testimony of the Bocks." 
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PLANTS, 




636. Wliat are the Leading Characteristics of Plants ? 

Vegetables can scarcely be said to rank lower than 
Animals in Creation, for all animals are either directly or 
indirectly dependent upon vegetables for their sustenance^ and 
must cease to exist if they were destroyed. Plants are of 
all sizes, from the microscopic Mushroom^ invisible to the 
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"The wilderness and the solitary place shall T>e glad for them; and the desert 
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naked eye, to the sturdy Oak and the Cedar of Lebanon, 
and from the slender Willow to the Banian tree, under 
whose shade 7000 persons may find ample room to 
repose. 

637. A thousand different shades of colour distinguish the different 
species. Every one wears its peculiar livery, and is distinguished by 
its own native hues; and many of their inherent beauties can be 
distinguished only by the aid of the microscope. Some grow upright^ 
others creep along in a serpentine form. Some flourish for ages, others 
wither and decay in a few months ; some spring up in moist, others in 
dry soils ; some turn towards the sun, others shrink and contract when 
we approach to touch them. 

638. Not only are the different species of plants and flowers 
distinguished irom each other by their different forms, but even the 
different individuals of the same species. In a bed of Tulips or Carna- 
tions, for example, there is scarcely a flower in which some peculiarity 
may not be observed in its structure, size, or assemblage of colours ; 
nor can any two flowers be found in which the shi^e and shades are 
exactly similar. 

639. Of all the hundred thousand millions of plants, trees, herbs, 
and flowers with which our globe is variegated, there are not, perhaps, 
two individuals precisely alike in every point of view in which they may 
be contemplated ; yea, there is not, perhaps, a single leaf in thf forest, 
when minutely examined, that will not be found to differ, in certain 
aspects, from its fellow. Such is the wonderful and infinite diversity 
with which the Creator has adorned the vegetable kingdom. 

640. In every region on the surface of the globe an endless multi- 
plicity of objects, all differing from one another in shape, colour, «nd 
motion, present themselves to the view of the beholder. Mountains 
covered with forests, hills clothed with verdure, spacious plains adorned 
with vineyards, orchards, and waving grain; naked rocks, abrupt 
precipices, extended vales, deep dells, meandering rivers, roaring 
cataracts, brooks and rills, lakes and gulfs, bays and promontories, 
seas and oceans, caverns and grottoes, meet the eye of the student 
of nature in every country, with a variety which is at once beautiful 
and majestic* 

» Dr. Dick. 
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641, Whi/ are Vegetables 80 widely Diffused f 

Regarding them fn an economic light as the food of 
anmals, they constitute the provision made by the CreaUr 
for living creatures, and their wide distribution affords an 
illustration of Divine bounty. 

642. On no part of the earth's surface — under no pecu- 
liarities of soil or climate — is vegetation of some kind or 

*<jther in&possible. Every distinct tribe of plants flourishes 
naturally under peculiar conditions, some preferring a warm 
atmosphere, others a cool one; some only luxuriating in 
moisture^ and others in the opposite condition of dryness ; 
some requiring the most intense light, and others only 
growing in darkness. 

643. Some plants are capable of enduring a great degree of heat. 
In one of the Geysers of Iceland, the waters of which are hot enoagh 
to boil an egg in four minutes, a species of Chara (a description of 
water-moss) has been found g^wing and reproducing ; and vegetation 
of a humble kind has been observed in the boiling springs of Arabia 
and the Cape of Good Hope. 

644. Extreme cold is not fatal to every form of vegetable life, 
^e snow which covers mountains is in some places reddened for 
Aules by a minute vegetable, which has been supposed, from its very 
rapid increase, to l\ave fallen from the sky, and which has, therefore, 
been commonly called red snow,* The Lichen, which forms the 
winter food of the Bein-Deer, grows entirely buried beneath snow, 
and its quantity may be judged of by the number of animals which 
find in it tkleir sole support during a considerable part of the year. 

646. Many Plants possess a high degree of vitality. There is a 
kind of Oub Moss inhabiting Peru which is liable to be entirely dried 
up. It then folds in its leaves, and contracts its roots, so as to form a 
ball, which, apparently quite devoid of life, is driven about by the 
wind. As soon, however, as it reaches a moist situation, it sends the 

* In some instances the red appearance of the snow has ariaeiiflrom animcUeuIes i 
in others from minate vegetables. 
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roots into the soil, and unfolds to the atmosphere its leaves, which 
speedily assome the bright green of healthy vegetation. The Rose 
«f Jericho is the objeel of similar transformations, and the common 
mtmmn exhibit the same vitality in a less degree. Seeds and bulbs 
trarolled from amoa^ tiie bandages of Egyptian mummies have 
retained their vitality for an almost incredible number of years. 

646. Many of the Fungus Tribes have been found groicing in 
Caverns and Mines, to which no rays from the sun, either direct or 
reflected, have access, and even more perfect plants have been known 
to vegetate in similar situations. It vdll be hereafter shown that 
this humble tribe of plants is the instrument, to a great extent, of 
fixing noxious gases which accumulate in the undisturbed fastnesses 
of forests, in caves, cellars, and other places shut out from the access 
of pure air. 

647. Sea-weeds have been draton up from the depth of more 
than one hundred fathoms, to which depth the sun's rays do not 

penetrate in any appreciable 
proportion. The distribution of 
different species through the 
ocean is influenced by latitude, 
by the depth of water, and by 
currents, nearly in the same 
manner as the higher plants are 
affected by temperature, eleva- 
tion above the sea level, and the 
conditions of the atmosphere as 
to dryness and calmness. Some 
species can thrive well under 
considerable variation in these 
conditions, whilst others are 
dependent upon certain states 
8BA-WBBD. Qf tiigni fyjp thgir existence. 

The former^ therefore, are extensively difilised, being found along 
many shores, whilst the latter are rarer, and only inhabit particular 
. spots in which these conditions are met with. Contrary to what 
might have been expected— considering that the AlgsB do not imbibe 
any nourishmfB{ by the spreading root-like fibres which attach them 
to the solid masses of the shore— it has been shown that they do not 
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grow indifferently on all kinds of rocks, but that if, for example, along^ 
the same line of coast there be an alternation of limestone and granite 
rocks, some species will attach themselves in preference to the former,, 
and others to the latter. This curious faet c»n only be explained 'hy 
the supposition that small quantities of the mineral matter are dissolved 
by the water of the neighbourhood, and that in this manner they act 
upon the plant.* 

648. Why are certain Classes of Plants more Fertile 
than others? 

The fertility and the utility of plants appear to have been 
^pointed by Divine wisdom in the strictest harmony. A 
remarkable i^nalogy is observable 
:aIso in the degree of fertility of the 
respective vegetables and animals. 
Among the animals which are 
destined for the food of man, the 
species are upon the whole prolific 
in proportion as they are either 
small in size, or inferior as to the 
nutritive quality of their flesh. 
The Cow, which is a large 
animal, produces one usually 
at a birth ; the Sheep, very 
commonly two ; Pigs, several. 
Poultry, which are comparatively small, are capable of 
rearing a numerous brood ; and Fish, which are of a less 
nutritive nature, and generally smaller than quadjrupeds,. 
are still more prolific. 

649. And in the Vegetable species which are destined for 
the food of man, the numerical quantity of the product in a 
given area is greater or less in proportion to the individual 
size of the fruit produced. Dates, which lare smaller thaa 

» Dr. Carpenter. 
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Cocoa-nats, are produced in greater numbers than the 
latter ; and in a square yard of soil, a much greater number 
of grains of Bice or Wheat is produced than of roots of the 
Potato. 

650. Another analogy may he observed with reference to the 
palate. The taste of the flesh of those species which con- 
stitute to man the staple of animal food is acceptable to 
most palates, and is neither so rich as to clog the appetite 
on the one hand, or invite it to luxurious indulgence on the 
other ; nor so devoid of flavour as to deter us from taking 
a proper quantity. And is it not the same with regard to 
those Vegetables which are among the most ordinary and 
necessaiy articles of food f If Com, the Potatoe, and the 
Cocoa-nut had the pungency of euphorbium, the nauseating 
quality of ipecacuanha^ the heat of pepper, or the lusciousness 
of sugar, on the one hand, or the insipidity of powdered 
chalk on the other, — what an undertaking it would be 
to satisfy the cravings of hunger with any one of those 
vegetables ! 

651. In the Animal Kingdom, ail those species which serre 
extensiyelj for food, as Oxen, Sheep, and Swine; the Turkey, Fowl, 
and Dock; the Sahnon, Cod, Herring, &c., are either natural] j of a 
gregarious nature, or are easily kept together, by human means, in 
large bodies; and therefore are much better adapted to the purpose 
of supplying food to man than if they were either solitary or 
scattered in small groups. 

652. And so it is with respect to the Vegetables ehufiy used for 
food', they are capable of being cnltiyated gregariously as it were, with 
comparati?ely little labour and attention. Thus, in our own, and other 
European countries, the daUy labourer, after his hours of hired work 
for others, can cultivate his own private field of wheat or potatoes 
with very little additional expense of time or trouble. And as to the 
ddtiTatioii of the tropical fruits, scarcely any labour is required for 
tbaX purpoM. 



PHYSICAL GEOGRAPHY, AND GEOLOGY. 197 



'* For the wind passeth over it, and it is gone ; and the place thereof shall know 
it no more.**— PsAuc ciii. 



653. The species of vegetables already known amount to about 
00,000, though there is reason to believe the actual number is above 
100,000, and from the general analogy of nature we may conclude that 
no species exists without its use in the economy of the earth. Among 
the number which supply food to man, by far the greater proportion 
consists of those which may be considered as luxuries, or as affording 
an agreeable and sometimes useful variety. Of those species which 
afford that kind of nutritive matter which is contained in *' the staff of 
life," or bread, the number is very small ; leguminous plants, wheat, 
rice, the fruit, pith, and other parts of some of the palms and bananas, 
and such farinaceous roots as the potato, &c., comprising nearly the 
whole amount.* 

654. How do Barren Surfaces First become Covered with 
Vegetation ? 

From the materials of tlie most sterile rocky and even from 
the yet recent cinders and lava of the volcano, nature 
prepares the way for vegetable existence. The slightest 
crevice or inequality is enough to arrest the invisible germs 
that are always floating in the air ; and the humble plants 
which spring from these soon overspread the surface, de- 
riving their chief nutriment from the atmosphere. Having 
completed their allotted period of existence, they die and 
decay ; but their death is only a preparation for the appear^ 
ance of higher forms of vegetable structure. 

655. They are followed by successive tribes of plants, of 
gradually increasing size and strength, until, in the course 
of years, the sterile rock is converted into a natural and 
luxuriant garden, of which the productions, rising from 
grasses to shrubs and trees, present all the varieties of the 

fertile meadow, the tangled thicket, and the widely-spreading 
forest. 

656. Lichens and Mosses are among the plants that 

« Eidd. 
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clothe the bare places of the earth. The first green crust 
upon the cinders with which the surface of Ascension 
Island was covered consisted of minute Mosses. This tribe 
fonns more than one-fourth of the vegetation of Melville 
Island, one of the most northerly spots in which any 
plants have been observed; and the black and lifeless soil 
of New Shetland, one of the islands neai-est the South 
Pole, is covered with specks of moss struggling for 
existence.* 

657. Standing upon the summit of Sina, Tvhose mountain cone is- 
11,000 feet high, and more than ninety miles in circumference at the 

base, lava is seen stretching in all 
directions along its sides, having: 
flowed down like rivers, and these 
are especially perceptible where they 
break through the zone of trees which 
girdles the mountain about half-way 
up. By examining and comparing 
these laya-streams, which are of dif- 
ferent ages, we have an oppertunity 
of seeing how the vegetation is gra-- 
dually formed. Some lava blocks 
are still quite naked, others have only 
a few plants scattered here and there 
in hollows and crevices, and in others 
a layer of decaying vegetation is be- 
ginning to form mould, in which more- 
plants can by degrees strike root.. 
The lava upon Vesuvius and other 

volcanoes exhibits the same phenomenon as to the gradual development 

of vegetation. 

658. The plants which first settle upon the naked lava are especially 
those lower plants which are called Lichens, Certain succulent and 
fleshy plants, chiefly nourished by the vapour of the air, which 
they absorb by the stem and leaves, are among the earliest inhabitants. 

• Dr. Carpenter's ••Vegetable Physiology." 
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•of lava surfaces, and this is especially the case with the Cactus, or 
Indian fig, which is industriously planted on the lava to render it 
Jertile, 

659. What Beneficent Designs are to he observed in the 
Geographical Distribution of Plants? 

In addition to the numerous ways in which Providence 
meets all the wants of mankind, we see that they are arranged 
for in such a way as their heal situation requires. Thus 
Wheat, which contains a more strengthening principle of 
nutrition than the product of the Palms and Arrow-root, 
^nd is, therefore, better calculated to support the hardier 
•efforts of the inhabitants of temperate or cold climates, • 
will not grow readily in intertropical climates, and the' 
Palms and kindred plants of intertropical regions cease 
io be productive if cultivated much beyond the tropics. 

660. The Orange, Lemon, Water Melon, Grape, and 
Fig, which are easily cultivated ^n warm climates, by the 
abundance of their juices are enabled to allay the sensation 
of heat and thirst, and to repair the loss of that natural 
moisture of the body which is continually passing from 
it in the form of either sensible or insensible perspiration. 
Even in the temperate climate of our own island, how 
many days are there during the summer in which such 
fruits are most refreshing ! 

661. But the Lemon, at the same time that, on account 
•of its grateful and aromatic flavour, it is an excellent 
accompaniment of cooling and healthful beverages, is a 
direct antidote and remedy from one of the most dreadfil 
diseases to which mariners are subject. Sea-scurvy, in fact, 
has all but disappeared since the general adoption of this 
remedy.* 

* Kidd. 
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662. Whj/ are some Plants more Scarce than others? 

The comparative rarity of plants depends in some degree 
upon the power they have of adapting themselves to variations 
in the conditions of their growth. Those that possess but 
slight powers of adaptation are necessarily restricted to 
certain localities favourable to their growth, and are hence 
considered rare plants. 

663. For example : there are certain species which require 
that the air surrounding them should contain a minute quantity 
of salt^ dissolved in its moisture ; these, therefore, abound 
near the sea shore ; but they are seen to spring up in the 
neighbourhood of salt works, or on lias soils which contain 
a good deal of saline matter, even many hundred of miles 
inland, — their seeds being conveyed by the wind or by 
birds, which have spread them over the whole surface of 
the earth, but there only meeting with the conditions they 
require for their development. Such are compai-atively 
rare, 

664. On the other hand, there are many which can grow in 
almost any situation, and which can adapt themselves to a 
great variety of circumstances, often exhibiting evident 
changes, not only of aspect, but of individual form. Many 
of these are among the most serviceable to man, on account 
of the improvements which can be effected in them by 
cultivation. 

665. Why do certain Tribes of Plants abound in particular 
Aspects and Situations? 

Because each species appears to he adapted to particular 
circumstances. Such plants as avoid a high degreee of light 
ceek the north side of the masses upon which they grow. 
Others which require light seek a southern aspect, whilst 
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.those of intermediate habits frequent the eastern and the 
western sides. 

666. Successions of vegetable growths^ indicating these 
peculiarities, are found on ascending high mountains 
between the Tropics, such as the Peak of Teneriffe. 

667. This adaptation of plants to particular aspects may 
be often seen, on a small scale, on the exterior of old towers, 
the large trunks of trees, &c., as shown by the growth of 
Brambles, Ivy, Mosses, Lichens, and Fungi. 

668. Neither of these Tribes would flourish if transferred 
to the circumstances of the other; and, opposite as these 
circumstances are, we observe that the Creator has adapted 
iiving beings to inhabit each, with equal suitableness. Thus, 
vegetation of some kind or other is found under almost 
every condition of climate. 

669. What Agencies are principally instrumental in the 
Distribution of Plants ? 

The movements of the atmosphere, in its calmest state, are 
•quite suflSicient to transport to considerable distances seed 
furnished with downy appendages of winglets, as is the case 
with many plants, and the minute spiracles of the Crypto- 
gamia, which are light as the finest powder. 

670. While ordinary winds convey the sand-dust of the 
Sahara and the American plains many thousands of miles, 
it may be conceived that seeds — even those that are com- 
paratively heavy — are borne far from home by the hurri- 
cane. Two Jamaica lichens, which had never been seen in 
France before, were found growing on the coast of Brittany, 

* Dr. Carpenter.*' 
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the ofi&pring of spiracles which had been swept across the^ 
Atlantic. 

671. The Mountain Torrent washes down into the valley 
the seeds that have accidentally fallen into it, or have been 
swept away by its overflows. Rivera answer the same pur- 
pose more extensively, and also the Ocean Currents, The 
Nicker Tree, one of the leguminous tribe, has been raised 
from seed borne across the Atlantic by the Gulf Stream. 

672. Animals of the sheep and goat kinds, with the horsey 
deer, buffalo, and others, widely disperse several species of 
plants, the seeds of which, furnished with an apparatus of 
barbs and hooks, adhere to their coating. 

673. In the same manner seeds are widely diffused by 
birds; seeds also pass through the digestive organs of 
birds, uninjured as to their vitality.* 

674. Why do Plants possess a high degree of Vitality T 

In this wo recognise a wise provision for the permanence, 
increase, and diffusion of the great food-yielding kingdom 
upon which the life of animals depends. Plants, having no 
power of locomotion, cannot transport themselves as 
animals can do ; but they may be separated from their 
native soil, and their vital functions suspended for days, or 
even weeks, while they are borne to distant parts, when all 
their vital actions may be renewed by the restoration of the 
needful conditions. In the case of seeds the duration of 
vitality is very remarkable, though it differs greatly ; and it 
is to be observed, as a law to which there will be found few 
exceptions, that the more useful the species the greater is the 
duration of the vitality of its seeds. 

675. To the eastward of Stirling there is a large peat bog, a great 

'• Key. W. MUner. 
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part of which has been flooded away by raising water from the River 
Teith, and discharging it into the Forth: the object of this process 
'being to lay bare the ander soil of clay, which is then cultivated. The 
clergyman of the parish was on one occasion standing by, while the 
workmen were forming a ditch in this clay, in a part which had been 
•covered witli fourteen feet of peat earth ; observing some seeds in the 
clay which was thrown out of this ditch, he took them up and sowed 
them ; they germinated, and produced a species of chrysanthemum. 
A very long period of years must have elapsed whilst the seeds were 
getting their covering of clay, and of the time necessary to produce 
fourteen feet of peat-earth above this it is scarcely possible to form an 
idea, but it must have been (in the natural course of things) extremely 
^eat. 

676. The following circumstance, which occurred about thirty years 
ago in the state of Maine, in North America, is, perhaps still more 
remarkable. Some well-digg^rs, when sinking a well at the distance 
of about forty miles from the sea, struck, at the depth of about twenty 
feet, a layer of sand ; this strongly excited curiosity and interest, from 
the circumstance that no similar sand was to be found anywhere in the 
neighbourhood, or anywhere nearer than the sea beach. As it was 
•drawn up from the well it was placed in a pile by itself, an unwilling- 
ness having been felt to mix it with the stones and gravel, which were 
■also drawn up. But when the work was nearly finished, and the pile 
•of stones and gravel were to be displaced, it was found necessary to 
remove also the sand-heap. This, therefore, was scattered about the 
spot on which it had been formed, and was for some time scarcely 
remembered. In a year or two, however, it was perceived that a 
:great number of small trees had sprung from the ground over which 
the sand had been strewn. These trees became, in their turn, objects 
•of strong interest, and care was taken that no injury should come to 
them. At length it was ascertained that they were beach-plum trees, 
■and they actually bore the beach plum, which had never before been 
■seen, except immediately upon the sea shore. These trees must, there- 
fore, have sprung up from seeds which had existed in the stratum of 
fea sand pierced by the well- diggers; and until this was dispersed 
in such a manner as to expose them to the air they remained 
inactive. 

i)77. An instance is on record presenting satisfactory proof of the 
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lapse of at least 1600 or 1700 years, and Is related by Dr. Lindley. '^ I 
have now^before me," he says, ''three plants of raspberries, which have- 
been raised in the gardens of the Horticultural Society from seeds 
taken from the stomach of a man, whose skeleton was found thirty 
feet below the surface of the earth, at the bottom of a barrow which 
was opened near Dorchester. He had been burled with some coins 
of the Emperor Hadrian."* 

678. What are the Effects of Light upon Vegetation ? 

Liglit is a prime mover in evert/ change that occurs in 
plants, from the moment the germ emerges from the soil. 
The faded colour of the interior leaves of the lettuce, and 
other culinary vegetables, is the result of such a degree 
of compression of the body of the plant as excludes the- 
admission of light beyond the exterior leaves. 

679. To the stimulus of light science ascribes th& 
powers which plants possess of separating carbon from the 
air breathed by their leaves, and secreting it within their 
tissues for the purpose of building up their characteristic 
woody structure. 

680. If a branch of ivy, or of any spreading plant,, 
happen to penetrate during the progress of its vegetatioa 
into a dark cellar, or any similar subterraneous situation, a 
total loss of colour takes place, accompanied by such altera- 
tions in its growth as often to mask its original form. 

681. This is because the plant respires through the- 
agency of certain organs upon its leaves called stomata, anci 
these organs are stimulated to action by the presence of 
light. If a plant, accustomed to grow in open day, be kept 
for some time in the dark, it becomes unhealthy, and, as it 
were, dropsical, and will generally die if not restored to its 
usual condition. 

* Dr. Carpenter. 
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682. The total result is, that all the native beauties and uses of 
a yegetable growing under these circumstances are lost; the eye is 
neither delighted by any variety or brightness of colour, nor is the 
sense of smell g^tified by any fragrance ; the degeneracy of its fibre 
into a mere pulp renders it unfit for any mech&nical purpose ; and 
the resinous and other principles on which its nutritive and medicinal 
virtues depend, cease to be developed. In some instances the bleach- 
ing or etoliation of plants is useful in correcting the acrid taste which 
belong^ to them in their natural state — as is the case of endive and 
celery, 

683. How necessary light is to the health of plants, may be inferred 
from the eagerness with which they appear to seek it. How intently 
does the sunflower watch the daily course of the sun ! How do the 
countless blossoms nightly droop when he returns, and the blanched 
plant strive to reach an open chink through which his light may 
reach it ! A potatoe has been observed to grow up in quest of light 
from the bottom of a well ten feet deep ; and in a dark cellar, a shoot 
of twenty feet in length has been met with, the extremity of which 
had reached and rested upon an open window.*** 

684. It is to vegetable substances that we are chiefly indebted for 
the means of artificial light. The carburetted hydrogen gas, which 
is now so extensively used for purposes of illumination, is distilled from 
coal, itself the produce of fossilized plants. The nature of the ether 
of light is unknown, but it is highly probable that it is capable 
of absorption and illimitable compression, and it is quite possible that 
plants absorb and fix light in their substance, in the same manner 
as they absorb and fix carbonic acid gas, which they restore to its 
original state under combustion. If this be true, we have to contem- 
plate the grand fact, that the light artificially obtained, by which 
we lengthen our winter days and equalise the hours of joy and labour 
throughout the year, is the same light which shone upon the great 
forests of the earth in the earlier ages of the world, 

C85. The influence of Light on the colours of Plants and Animals 
is well shown in the sea. Near the shores we find sea-weeds of the 
most beautiful tinctures, particularly on the rocks, which are left dry 
by the tides; and the rich hues of Actinice, which inhabit shallow 

* Browne. 
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** The snxi alao ariaeth, and the sun goeth down, and hasteth to his place where 
be arose."— EocusiAsxBs i. 



^ater^ must have been observed. The Fishes which swim near the 
«arfiice are also diatingaished by the variety of their colours, whereas 
thojte that live at greater depths are grey, brown, or black. It has 
been found that after a certain depth, where the quantity of light is 
MO reduced that a mere twilight prevails, the inhabitants of the ocean 
become nearly colourless.* 

686. What are the effects of Heat upon Plants ? 

Heat, as well as light, is a vital agent in the develop- 
ment of plants. It influences vegetation from the shooting 
of the germ to the perfection of the fruity but its greatest 
influence appears to be exerted at the time when the 
flower is developed, and the seed perfected.^ 

687. The want of sufficient heat arrests vegetable growth 
in the Winter ; and it i^ the warmth of Spring which calls 
forth stems and leaves, the higher heat of Summer which 
develops the flowers, and ripens the fruit and seeds. It 
is the warmer climate which gives to Southern Europe 
a richer vegetation than is presented by Northern Europe, 
and the still warmer climate within the Tropics that pro- 
duces the greatest abundance and variety of plants. But 
the effects of heat are modified by the different natures of 
plants : the degree of warmth which produces the pheno- 
mena of vitality in one is incapable of awakening them 
in another. 

688. How is Vegetation First Established upon New 
Islands f 

Certain trees are endowed with the power of taking root 
ftpon rocky foundations^ covered only with the most scanty 
amount of soil. Such is the Cocoa Nut Palm, which so 
early and constantly establishes itself upon Coral Islands. 
This tree will grow in situations where scarcely any other 

• Hunt's "Poetry of Science." 

t Se« the " Gardeners and Fanners' Reason Why." 
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*' If the Lord delight in ns, then he will bring ns into this land, and giro it i 
a land which floweth with niilk and honey."— NuiCBUta ziv. 



plant can thrive. It is found in almost all the islands of 
Polynesia, even in those as yet untenanted by Man. This 
is easily accounted for, when it is considered that the cocoa 
nut may float a long time in the sea without the seed 
receiving any injury, in consequence of its protection by 
the fibrous husk and dense shell ; but when cast up by the 
currents or drifts of the ocean on the low shores of those 
islands, the husk gradually separates under the combined 
influence of the sun, air, and occasional moisture, and 
allows the seed to be acted upon by those influences which 
will excite it to germination. 

689. And what tree so ustful to the islander ? There is no 
part of it "which may not be applied to some useful purpose. 
Not only cabins for poor people, but large houses^ are constructed 
entirely "with materials afforded by it: the trunk supplying rafters, 
and the leaves, when plaited, making roofs and walls which are imper- 
Tious to rain. Sometimes not a nail is used in the construction of 
a house, the rafters, &c., being fastened on with string made of the 
fibrous envelope of the nutshell. From the same fibres ropes used .in 
boats and shipping are made. A fine tree is produced in about eight 
years, which bears firuit twice or thrice in the year. The half-ripe nut 

. contains sometimes three or four pints of a clear fluid, fitigraat and 
pleasant to the taste, and the nut itself is highly nutritious. Baskets, 
bottles, cups, and other articles of g^at use to the islanders are also 
made of the fibres and nutshells. 

690. In these islands also the Bread-frmt Tree flourishes, and 
constitutes the most important food-plant of the natives. This noble 
and beautiful tree has a richly-foliaged crown, and bears a great number 
of very mealy firnits, which, when cooked, taste like wheaten bread. 
These trees are sufficient to support a man for eight months of the 
year, during which long period they bear fruits which gradually ripen. 
During the remainder of the year, fruits are eaten which have been 
placed in pots and undergone a kind of fermentation. Ten trees are 
estimated to yield sufficient food for a family. But the tree has other 
uses; the wood is used for canoes and furniture, and the bark for 
numerous textile fabrics. 
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** The gran witheretb, the flower fadeth; bat the word of our God shall stand 
itor evex.**— Isaiah xt. 



691. What effect have Plants upon tJie Atmosphere? 

Plants are the purifiers of the atmosphere, counteracting 
the effects of animal life, and various processes of decom- 
position. They also, by their transpiration, impart a degree 
of humidity to the air which surrounds them. Invert a 
glass globe over a plot of turf, or insert into it a branch 
of a growing tree, closing the opening of the globe, and 
the glass will soon be found covered with transpired 
moisture. 

692. The effect of plants in this important respect can 
best be seen by reference to their separating carbonic acid 
from the air, and fixing it in a solid form in their substance. 
It should, however, be understood that they obtain carbon 
chiefly from the ah*, but partly from the vegetable mould of 
the soil. They are fitted by nature to draw their suste- 
nance from the air, the earth, or from both, according to 
circumstances. The proportion which they derive from 
each source partly depends upon the nature of the plant, 
the period of its growth, the nature of the soil in which it 
ifl planted, the abundance of carbon presented either to the 
root or the leaves, the duration and intensity of sunshine, 
and other circumstances of a similar kind. They have, in 
fact, the power of adapting themselves to the conditions iu 
which they are placed.* 

693. It may be thought incredible that the enormous quantity of 
carbon which enters the composition of a single tree, should ever have 
been contained in the atmosphere, since any given quantity of air 
contains only about one-thousandth of its weight of carbonic acid, and 
the gas itself is composed of only about 27 parts of solid carbon in 
every 100. fiut it must be remembered that, as the weight of air 
pxessing upon every square inch of the earth's surface is 151b., the 

• See ** Oardeners and Fanners* Reason Why." 
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* The fcraas withereth, the flower f>ideth : becaxue the ipirit of the Lord blowtth 
upon it : siurely the people is grass.*'— Isaiah zl. 



pressire upon a square foot will be 216 lb. ; and, as the surface of the 
earth can be almost exactly calculated, it may be shown that in the 
whole itmosphere surrounding the earth at least three thousand 
million million pounds of solid carbon must be contained — a quantity 
which will not only explain the phenomenon as to single trees, but 
which is probably more than the toeight of all the plants, and of all 
the beds of coal, which exist upon and unthin the earth. The quantity 
of carbon existing in sea-water, in various combinations, is probably 
greater, 

694. The constant maintenance of this ingredient in the atmosphere, 
so as to supply the enormous drain upon it which active vegetation 
induces, is owing to changes of an opposite character taking place as 
constantly. Every animal is incessantly engaged in converting the 
oxygen of the air into carbonic acid, by the process of respiration or 
breathing. Of the solid carbon taken in by it as food, which is all 
derived, either directly or indirectly, from vegetable matter (since every 
animal is suppoi*ted either upon vegetable substances, or upon the flesh 
of other animals which subsist on them), a portion is constantly being 
restored to the gaseous form in this manner. A single man daily 
converts nearly 18,000 cubic inches of the oxygen of the air into car- 
bonic acid, by the carbon disengaged from his lungs, and the enormous 
amount that must be daily formed by the whole human and animal 
population of the globe may thus be perceived. Again, the combiutioik 
of vegetable substances— coal, wood, &c. — is a vast and continufli 
source of the renewal of the supply drawn by vegetation fi'om the 
atmosphere. It has been calculated that the small town of Giessen, 
in Germany, possessing a population of about 7000 inhabitants, 
converts more than 1000 cubic feet of oxygen into carbonic acid by 
the combustion of wood as fuel ; and in an English manufacturing 
town, where the proportion of coal used is far greater, the amount 
woul(^ be at least twice as much in proportion to the size. 

695. Whi/ may Fungi he regarded as of great Use in 
the Economy of Nature ? 

Although, in the production of Hot and Mildew, under 
certain circumstances, thej occasion decaj and loss, the 



210 THE BEASON WHY 



. "He ihaU grow up belbre liim as s tender plant, and as a root ont of a drj 
gronnd : tar be bath no form nor combness; and wben we shall see him, theie is no 
beaatj tbat we should desire Urn."— Isaiah bit 




benefits ikeT/ confer upon man far outweigh their occasional 
devastations, 

696. To Fungi may be justly applied the designation 
which has been conferred upon Insects, that af being 

^scavengers" for they labour with 

tjr^^lffi^ % astonishing effect in the removal of 
I J^ ^. refuse and decaying substances which, 
-J^mt ^ when left upon the surface of the 

earth, would prove not merely use- 
less, but injurious incumbrances* 
Their vapour-like germs float about 
in the atmosphere, in countless 
myriads, only waiting for the pre- 
sence of a congenial soil, on which 
to alight and grow. As long as 
FUKOi. there is no decomposing matter to 

be removed, these spores remain inactive — the " scavengers" 
are unemployed, but as soon as any quantity, large or small, 
of decaying animal or vegetable matter, is left exposed^ 
it is soon covered with a deposition of spores which 
rapidly develop themselves into Fungi. 

697. They not only remove decomposing substances, hut 
absorb noxious exhalations, which would be spread through 
the atmosphere ; and the greater the necessity which 
demands them^ the more rapidly do they multiply. The 
benefits they confer in these respects can scai-cely be con- 

.eeived. One species has been known to attain the weight 
of thirty-four pounds in six weeks; and on the Continent 
Fungi of the same tribe have grown to upwards of one 
hundred pounds, having begun from a point not perceptible 
to the naked eye.* 

* Dr. Carpenter. 
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** And I will lay it waste : it shall not be pruned nor digged ; but there shall 
come up briers and thorns: I will also command the doads that they rahi no ndn 
upon it."— Isaiah v. 



698. What is the cause of Malaria f 

In many districts it is to be accounted for by the 
decomposition of animal and vegetable ^^^tonce^, which occurs 
when a high degree of temperature acts upon stagnant 
or slowly moving water. This explains most of the phe- 
nomena, but not all ; other explanations are to be found 
in the volcanic character of the soil, and other circumstances 
which promote the escape from the earth of various noxious 
gases, 

699. The Pontine marshes abound in water; the marshes 
near Viareggio, the Lentinian morasses, the country 
round the outlet of the Ombrone and Cesnia, the lagunes 
of the Adriatic Sea, the mouth of the Elver Fo, the Man- 
tuan morasses, the rice-fields in the valley of the Po, 
and the Fens of Lincolnshire, all offer examples of 
unhealthy atmosphere. The places of considerable eleva- 
tion, where malaria shows itself, have likewise stag- 
nant water, — as the lakes of Perugia, of Bolsena^ and 
Fucino. 

700. Noxious air arises on the coasts in those places, 
particularly where the fresh and salt waters become inter" 
mingledy which is the case when the rivers or lakes have 
but a slight fall, so that the sea invades the fresh waters 
■at high tide. The animals and plants of the fresh water 
are liable to destruction by sea water, and vice versd; 
xmd in this way ^ quantity of decaying organic matter 
becomes accumulated. The beneficial influence exhibited 
by drainage, as in the Fens of Lincolnshire, and other 
measures preventing the admixture of fresh and salt 
water, support this explanation. 

701. If it were possible, with the bodily as with the mental eye. 
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" He ahall ihake off his unripe gnpe as the Tine, and shall cast off his flower 
as the ottre."— Job zt. 



to behold the oonstitation of the atmoephere which surroaiMls our 
earthy we should Tiew a compound probably the most complex im 
natnre; for into this drcnmamlnent ocean of air are carried up what- 
oyer exhalations arise not only from the earth itself, bat from every 
organised form of matter, whether living or in a state of decompo- 
sition, that is fonnd upon the earth's snrfiuse ; the dews of morning, 
the balms of evening ; the fragrance of every plant and flower ; the 
breath and characteristic odour of every animal ; the vapour invisibly 
arising from the sur&ce of the whole o^^ean and its tributary streams ; 
and, lastly, those circumscribed and baneful effluvia, however gene- 
rated, which, when confined to definite portions of the atmosphere, 
produce those various forms of ferer which infest particular districts ; 
or those more awful and mysterious miasmata which, arising in some 
distant region, and advancing by a slow but certain march, carry 
dismay and death to the inhabitants of another hemisphere.* 

702. Wliat are the leading facta in connection with the 
Geographical Distribution of Plants ? 

Vegetation occurs over the whole globe under the most 
opposite conditions. Plants flourish in the bosom of the 
ocean as well as on the land, under the extremes of cold 
and heat in Polar and Equatorial regions, on the hardest 
rocks, and the soft alluvium of the plains ; amidst the per- 
petual snow of lofty mountains, and in springs at the tem- 
perature of boiling water, in the dark vaults of caverns, 
and on the walls of mines, as well as upon the face of the 
earth, freely exposed to light and air. But these diverse 
conditions have different species and genera. 

703. By species we are to understand so many individuals 
as intimately resemble each other in appearance and properties, 
and agree in all their permanent characters. But an esta- 
blished species may frequently exhibit new varieties^ depend- 

* Eldd's ** Adaptation of External Nature to Man.*' 
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"I will ffive yoa the rain of yonr land in his dae seaaon, the first rain and the 
latter rain, that thoa mayest gather in thy com, and thy wine, and thine oil.** — 

DCUTSBOKOMT Zl. 



ing upon local and accidental causes ; but these are imper- 
fectly, or for a limited time only, perpetuated. 

704. A genus comprises one or more species similar to each 
other, but essentially differing in formation, nature, and in 
many adventitious qualities from other plants. A trihe, 
family^ group, or order comprises several genera. 

705. Distinct vegetable regions may he observed on passing 
from South to North through different climatic zones, defined 
as to their limits by the isothermal curves, or lines of 
equal summer temperature, and not by the pai'allels of 
latitude. 

706. Similar changes of vegetation mark a perpendicular 
ascent through the decreasing temperature of the atmo- 
sphere. A succession of plants appear on the tropical 
mountains, which rise above the snow line, corresponding 
to those which are encountered in cold latitudes. 

707. Wliy do Isolated Mountains best display the Zones 
of Climatic Vegetation^ 

Because, rising high into the atmosphere, the sides of 
such mountains undergo all the climatic modifications f<mnd 
upon the eariKs surface in a direction from the Equator 
to the Poles. Hence they present, upon a comparatively 
limited surface, distinct botanical regions, clearly illustrating 
the effect of climatic influences upon the vegetable orders. 

708. Mount Etna is divided into three great regions-^the fertile 
region, the woody region, and the bare or desert region. But each of 
these is susceptible of sub-divisions defined by the presence of certain . 
&milies of plants, forming seven botanical zones* 

709. First, — The sub-tropical zone, which does not rise more than 
100 feet above the level of the sea, is characterised by the Palm, 
Banana, Indian Fig, Sugar-cane, varieties of Mimosa and Acacia, 
which with us are only found in conservatories. ^ 
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"Who covereth the heaven with clonds, who prepareth rain for the earth, 
who makcth grass to grow upon the mountains."— Psalu cxlviL 



710. Second, — ^The hiUi/ zone rises about 2000 feet, characterised by 
the Orange, Lemon, Shaddock, Maize, Cotton, and Grape plants. 

711. Third,— The woody zone lies between the height of 2000 and 
4000 feet, where the Cork-tree flourishes, several kinds of Oak, the 
Maple, and enormous Chestnuts. 

712. Fourth,— -r^ zone of 4000 to 6000 feet is distinguished by 
the Beech, Scotch Fir, Birch; and, among small plants, by Clover, 
Sandwort, Chickweed, Dock, and Plantain. 

713. Fifth, — ^The sub-Alpine zone, between the elevation of COOO 
^nd 7500 feet, produces the Barberry, Soapwort, and Juniper. 

714. Sixth,— The zone between 7500 and 9000 feet has almost all 
the plants of the fifth, with the fleshy and jagged Groundsel. 

715. Seventh, "-The narrow zone between 9000 and 9200 feet only 
.produces a few Lichens, beyond which there is complete sterility. 

716. The Feah of Tenertffe exhibits ^ve botanical 
districts, thus distinguished : — 

717. First,— The region of Africa, from to 1248 feet, com- 
.prises Palms, Bananas, the Sugar-cane, various species of arborescent 
plants, whose naked and tortuous trunks, succulent leaves, and 
bluish green tints are representative of African vegetation. 

718. Second,— The region of Vines and Cereals, 1248 to 2748 feet, 
comprises, besides the Vine and Grain-bearing Grasses, the Olive 
4aid the fruit-4rees of Europe. 

719. Third, — The region of Laurels, 2748 to 4350 feet, including 
four species, the Olive, an Oak, the Iron-tree, the Arbutus, and other 
evergreens. The Ivy of the Canaries and various twining shrubs 
cover the trunks of the trees, and numerous species of Fern occur, 
-%vith beautiful flowering plants. 

720. Fourth, — The region of Pines, 4350 to 627Q feet, characterised 
by a vast forest of trees resembling the Scotch Fir, intermixed with 
J uniper. 

721. Fifth,— The region of the Betana, 6270 to 11,061 feet, a species 
of Broom, which forms vases in the midst of a desert of ashes. 
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** Then I will give you rain in due season, and the land shall yield her increase^ 
and the trees of the field shall yield their fruit." — Leviticus xzvi. 



ornamented with fragrant flowers, and furnishing food to goats, which 
run wild on the Peak. A few Gramineous and Cryptogamic plants ar&^ 
observed higher, but the summit is entirely destitute of vegetation, 

722. Vegetable foTTns are divided into three great classes, which 
differ materially in their structure : — 1. Cryptogamous plants — those- 
which have no flowers, properly so called — Mosses, Lichens, Fungi, and 
Ferns; as disting^hed from those which are phcsnogamouSf or flower- 
bearing, to which the two following classes belong. 2. Endogenous 
plants, which have stems increasing from within, also called Monocoty^ 
ledonSy from having only one seed-lobe, as the numerous Grasses, Lilies, 
and the Palm family. 3. Exogenous plants, which have stems growing 
by additions from without, also called Dicotyledons, from the seed con- 
sisting of two lobes : the most perfect, beautiful, and numerous class,, 
embracing the forest trees, and most flowering shrubs and herbs. 

723. The Exogens furnish examples of gigantic size and great 
longevity. In South America, on the banks of the Atabapo, Humboldt 
measured a Bomhax caiba 

more than 120 feet high, and 
15 in diameter ; and near 
Cumana he found the Za- 
mang del Guayra, a species 
of mimosa, the pendent 
branches of the hemispherical 
head having a circumference 
of upwards of 600 feet. The 
Adansonia, or baobab of Se- 
negal, though attaining no 
great height, rarely more than 
fifty feet, has a trunk with a 
diameter sometimes amountino: 

. «. - . ... ,^ „. ® BANIAN TREE. 

to 34 feet; while the Pinus 

Zambertiana, growing singly on the plains west of the Rocky Mountains, 
has been found 250 feet high, 60 feet in circumference at the base, 
4| feet in girth at the height of 190 feet, yielding cones 11 inches 
round and 16 long. The Pinus Indicus, or banian tree, sending out 
shoots from its horizontal branches, which, reaching the ground, take 
root and form new stems, till a single tree multiplies almost to a 
forest, has been observed covering an area of 1700 square yards. 
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"Who giveth rain upon the earth, and sendeth waters upon the fields." 
Job t. 




LICHENS. 



724. The Cryptogamous plants afford the most numerous examples 
of wide diffusion. A lichen indigenous in Cornwall, stricta aurata is 

also a native of the West 
India Islands, Brazil, St. 
Helena, and the Cape of 
Good Hope; while 38 
lichens and 28 mosses 
are common to Great 
Britain and Australia, 
though the general vege- 
tation of the two districts 
is remarkably discordant. 
Some species of Endoge- 
nous plants are also widely distributed, ihekPhleuni alpinum of Switzer- 
land occurring without the slightest difference at the Strait of Magellan, 
and the quaking grasses of Europe in the interior of South Africa. But 
only in very few instances are the same species of Exogenous plants met 
with in regions far apart from each other ; and generally speaking, in 
passing from one country to another, we encounter a new flora, for if 
the same genera occur the species are not identical, while in dlstiicts 
widely separated the genera are different. 

725. The Crytogamic plants. Mosses, Lichens, Ferns, and Fungi, are 
to the whole mass of phaenogamic vegetation in the following proportions 
in different districts : — Equatorial latitudes, deg. to 10 deg., on the 
plains l-25th, on the mountains l-5th; mean latitudes, 45 deg. to 52 
deg., \ ; high latitudes, 67 deg. to 70 deg., proportion about equal. 
Thus, the proportion of the flowerless vegetation to the flowering 
increases from the Equator to the Poles. But the family of Ferns, 
viewed singly, forms an exception to this law, decreasing as we depart 
from Equinoctial countries, l-20th in equatorial and l-70th in mean 
latitudes, and not found at all in the high latitudes of the new world. 

726. In Equinoctial and Tropical countries, where a suflicient supply 
of moisture combines with the influence of light and heat, vegetation 
appears in all its magnitude and glory. Its lower orders. Mosses, 
Fungi, and Confervse, are very rare. The Ferns are aborescent. Reeds 
ascend to the height of a hundred feet, and rigid grassei^ rise to forty. 
The forests are composed of majestic leafy evergreen trees bearing 
brilliant blossoms, their colours finely contrasting, scarcely any two 
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" The cedar of the honse \rithin was carved with knots and open flowers : all 
was cedar ; there was no stone seen."— I Kings tL 



standing together being of the same species. Enormous creepers climb 
their trunks; parasitical OrchidsB hang in festoons from branch to 
branch, and augment the floral decoration with scarlet, purple, blue, 
rose, and golden dyes. Of plants used by man for food, or as luxuries, 
or for medicinal purposes, occurring in this region, Rice, Bananas, 
Dates. Cocoa, Cacao, Bread-fruit, Coffee, Tea, Sugar, Vanilla, Peruvian 
Bark, Pepper, Cinnamon, Cloves, and Nutmegs, are either characteristic 
of it as principally cultivated within its limits, or entirely confined to 
them. 

727. Rice {Oryza sativd), the chief food of, perhaps, a third of the 
human race, is cultivated beyond the tropics, but principally within 
them, only where there is a plentiful supply of water. It has never 
been found wild ; its native country is unknown, but probably southern 
Asia. 

728. Bananas, or Plantains (Musa sapientum et paradisiaca), are 
cultivated in intertropical Asia, Africa, and America. The latter 
species occur in Syria. The Banana is not known in an uncultivated 
state. Its produce is enormous, estimated to be, on the same space of 
ground, to that of Wheat as 133 to 1, and to that of Potatoes as 44 to 1. 

729. Dates (Phoenix dactylifera) and Cocoa (Cocos nucifera)^ 
belonging to the family of PalmcB, The Palms, remarkable for their 
elegant forms and importance to man, 
contribute more than any other trees to 
impress upon the vegetation of tropical 
and equinoctial countries its peculiar 
physiognomy. The Date Palm is a native 
of Northern Africa, and is so abundant 
between the Barbary States and the Sahara 
that the district has been named Biledul- 
gerid, the land of dates. As the desert is 
approached, the only objects that break 
the monotony of the landscape are the Date 
Palm and the tent of the Arab. It accom- 
panies the margin of the mighty desert 
in all its sinuosities from the shores of orchid. 

the Atlantic to the confines of Persia, and is the only vegetable 
affording subsistence to man that can grow in such an arid situa- 
tion. The annua] produce of an individual is from 150 to 2601bs. 
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<* Let the field be Joyfal, and all that is therein; then shall all the trees of the 
-wood r^olce."— PsiXMs xcTi. 




weight of fruit. It is spread throughout the torrid zone, but occurs 
most abundantly in the islands of the Indian Archipelago. The 

family of Palms is supposed to 
contaia a thousand species, 
some of large size, forming 
extensive forests. 

730. Cacoa (Theobroma ca- 
cad)f from the seeds of which 
chocolate is prepared, grows 
wild in Central America, and 
is also extensively cultivated in 
Mexico, Guatamala, and on the 
coast of Cumana. 

731. Bread-fruit tree (Arto- 
— carpus incisa), a native of the 

South Sea Islands and Indian 
Archipelago, grows also in 
Southern Asia, and has been 
introduced into the tropical 



PALM TREE. 

parts of America; but the fruit is not equal to the banana as an 
•article of human food. 

732. Coffee (Coffea Ardbica), The bush has probably for its native 
region the Ethiopian highlands, from whence it was taken in the 
fifteenth century to the highlands of Yemen, the southern part of 
the Arabian peninsula. It has been introduced and is now exten- 
sively cultivated in British India, Java, Ceylon, the Mauritius, 
Brazil, and the West Indies ; but the quality is inferior, which makes 
the climate of the Mocha coffee district of importance, as peculiarly 
favourable to the plant. It grows there on hUls described by Niebuhr 
as being soaked with rain every day from the beginning of June to 
the end of September, which is carefully collected for the purpose 
of irrigation during the dry season. 

733. Tea (Tkea Chinensis). The plant is indigenous in China, 
Japan, and Upper Assam. In the latter country it has recently 
been found in a wild state, and is in process there of extensive cul- 
tivation. As the plant is hardy, its culture has very lately been 

ipted in the south of Fhince, and apparently with complete 
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" My doctrine shall drop as the rain, my speech shall distil as the dew» as the- 
small rain upon the tender herb, and as the shovrers upon the grass."— D£UTEBDKOMr 
xzxiit 




TEA SHRUB AND BLOSSOM. 



success. A similar experiment on the burning plains of Algeria com- 
pletely failed, all the plants being killed by the heat, notwithstanding 
every precaution. Tea was first introduced into Europe by the Dutci^ 
in 1666. The leaves of the 
coffe^ plant have long been used 
as a substitute for tea by the 
lower classes in Java and Su- 
matra; and recently Professor 
Blume, of Leyden, exhibited 
samples of tea prepared from 
coffee-leaves, agreeing entirely 
in appearance, odour, and taste 
with the genuine Chinese pro- 
duction. 

i 784. Sugar-cane (Sacckarum 
officinarum)y a species of Gra- 
viinecBy occurs to some extent without the tropics, having been cultivate(f 
centuries ago in Europe, as at present scantily in the south of Spain. 
But it properly belongs to the torrid zone^ and has for its principal 
districts the Southern United States, the West Indies, Venezuela, 
Brazil, the Mauritius, British India, China, the Sunda and Phillip- 
pine Islands. The plant was found wild in several parts of America 
on the discovery of that continent, and occurs in a wild state on many 
of the islands of the Pacific. 

735. Vanilla {Vanilla aromatica), the fruit of which forms the- 
well-known aromatic, grows wild principally in Mexico. 

736. Peruvian Bark (Cinchona officinalis), a forest tree, of which, 
there are several species, furnishing the valuable medicine so called. 
It is exclusively confined to South America, and grows chiefly on the- 
Andes of Loxa and Venezuela. 

737. Pepper (Piper nigrum) belongs exclusively to the Malabar 
coast, where it has been found wild ; Sumatra, which produces th» 
greatest quantity 3 Borneo, the Malay peninsula, and Slam. Other 
species of Piperacece occur in tropical America. 

738. Cinnamon (Laurus Cinnamonimn), a small tree yielding th& 
aromatic bark, is found native only in the island of Ceylon; but 
another species occurs in Cochin China. 
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739. Clove {Myrtus caryophyllus), a small evergreen tree, tlie 
dried flower-buds of which form the celebrated aromatic, grows 
naturally in the Moluccas, whence it has been conveyed to other 
tropical districts. The island of Amboyna, one of that group, is the 
principal seat of its cultivation. The lowest temperature there is 
72 deg. : the mean temperature of the year 82 degs. 

740. Nutmeg (Myrstica moschata) grows naturally in several 
islands of the Eastern Archipelago, but is principally cultivated in 
the Banda Isles. 

741. Tropical families and forms successively vanish with an increase 
of distance from the Equator, and new phases of vegetation mark the 

transition from hot to temperate 
climates. Vividly green mea- 
dows, abounding with tender 
herbs, replace the tall rigid 
grasses which form the impene- 
trable jungle; and instead of 
forests composed of towering 
evergreen trees, woods of the 
deciduous class appear, which 
cast their leaves in winter, and 
hybemate in the colder season 
— the Oak, Ash, Elm, Maple, 
Beech, Lime, Alder, Birch, and 
Sycamore. The cultivation of 
the Vine becomes characteristic 
with the perfection of the cereal 

grasses, and a larger proportion of herbaceous annuals and cryptogamic 

plants. 

742. The Vine (JVitis vimfera) is less impatient of a cold winter 
than a cool summer. Hence its northern limit, which coincides with 
lat. 47 deg. 30 min. on the west coast of France, rises in the interior, 
where, though the winters are colder, the summers are warmer, to 
lat. 49 degs., cuts the Rhine at Coblentz in lat. 50 deg. 20 min., 
and ascends to 52 deg. 31 min. in Germany. 

743. Receding further from the Equator, magnificent forests of the 
Fir and Pine tribe prevaU, an in the central parts of Russia, on the 
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southern shores of the Baltic, in Scandinavia, and North America. 
But some of the cereals are no longer cultivable, and several timber- 
trees common to the temperate zone do 
not reach its northern limits. Gradually 
all ligpieous vegetation disappears en- 
tirely as higher latitudes are approached, 
the woods having first dwindled to mere 
dwarfs in struggling with the elements, 
hostile to that state which nature de- 
stined them to assume. The limit of 
the forests is a sinuous line running 
along the extreme north of the old 
world and extending from Hudson's 
Bay, lat. 60 deg., to the Mackenzie 
River, lat. 68 deg., and thence to ^ 
Behring's Strait. The Dwarf Birch 
(Betula nana), a mere bush, is the 

last tree found on drawing near the eternal snow of the Pole. At the 
Island of Hammerfest, lat. 70 deg. 40 min., near the North Cape, it 
rises to about the height of a man, in sheltered hollows between the 
mountains, its lower branches trailing on the ground, affording a shelter 
to the Ptarmigan. In the Polar zone some low flowering annuals — 
Saxifrages, Ranunculi, Gentians, Chickweeds, and others — flourish 
during the brief ardent summer ; a few perennials also accommodate 
themselves to the rigorous climate by spreading laterally, never rising 
higher than four or five inches from the ground; till finally no 
development of vegetable life is met with but lichens, and the 
microscopic forms that colour the snow. 

744. In Europe Wheat ceases with a line connecting Inverness in 
Scotland, lat. 68 deg., Drontheim in Norway, lat. 64 deg., and St. 
Petei*sburg in Russia, lat. 60 deg. 15 min. Oats reach a somewhat 
higher latitude. Barley and Rye ascend to lat. 70 deg., but require a 
favourable aspect and season to produce a crop. 

745. The northern limit of the growth of Oak, lat. 61 deg., falls 
short of that of Wheat. The Oak makes a singular leap at the confines 
of Europe and Asia, disappearing towards the Ural Mountains. This 
is the case also with the Wild-nut and Apple. The Oak and the 
Wild-nut, however, reappear suddenly in Eastern Asia, on the banks 
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of the Argoun and the Amour ; and the Apple occurs again in th& 
Aleutian Isles. 

746. Thus distinct vegetable regions are observed on passing from . 
south to north through different climatic zones, defined as to their 
limits by the isothermal curves, and not by the parallels of latitude. 

747. Wliy do whole Districts sometimes appear to he 
suddenly covered with Mosses? 

Because Mosses, during a long drought, dry up, and 
almost disappear. When moistened by rain, they suddenly 

regain their green- 
ness, and appear to 
have rapidly clothed 
a place previously 
barren — such as a 
heath, old wells, the 
trunks and gnarled 
roots of trees, &c. 

748. Mosses seem 
to labour to produce 
vegetation in newly- 
found countries, where soil has obtained no existence ; 
and in older districts they fill up and consolidate bogs, 
and form rich vegetable mould for the growth of larger 
plants, which they also protect from cold in the winter. 

749. They likewise clothe the sides of lofty hills, and 
mountain ranges ; and powerfully attract and condense 
moisturCy and thus become to surrounding vegetation the 
source of refreshing streams. 

750. WJiat uses may he recognised in the instance of 
Plants that appear to possess no direct evident value ? 

There are maiiy Plants which, though they neither 
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produce fruit of any value, nor are capable of being applied 
to any of the common purposes of the arts, are yet of the 
highest value as a natural defence to cultivated landsy against 
the incursions of cattle and the chilling influences of bleak 
winds. The quickset of our common hedges is an instance, 
and of its utility in this country no one can form an 
adequate idea. Of the extent of its application it would 
not be easy to make a correct estimate, but, when we 
consider how many public roads and how many private 
Enclosures are bounded by a fence of quickset, it becomes 
probable that the linear extent of hedges of this kind 
is, in England alone, equal to many times the circum- 
ference of the whole earth. 

'751. In a part of Normandy, lying between Caen and 
Falaise, is a district called "Le Bocage," which derives 
its name from the high and bushy hedges with which 
it abounds, and which afford shelter from the stormy winds 
<f the Atlantic ; hence they have the name of hrise-vent.* 

752. What causes have contributed to the absence of 
Plants over large Tracts of Land f 

The absence of Plants over large tracts, in regions 
characterised on every side by the most exuberant vege- 
tation, is a geological problem which has hitherto received 
but little attention. It undoubtedly aiHses from former 
revolutions of nature^ such as inundations, or from volcanic 
convulsions of the earth. 

753, When once a region loses its vegetable covering, 
if the sand is loose and devoid of springSy and if vertically 
ascending currents of air prevent the precipitation of vapour^ 
thousands of years may elapse before organic life can 

• Uarcet's "Conversations on Vegetable Physiology." 
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penetrate from the green shores to the interior of the 
dreary waste. 

754. The great catastrophe by which the Mediterranean 
was formed, when the swollen waters of an inland sea 
burst their way through the Dardanelles and the Pillars 
of Hercules, appears to have stripped the contiguous lands 
of their alluvial soil. In all lands washed by the Mediter- 
ranean, which are characterised by the tertiary and creta- 
ceous formations, a great portion of the earth's surfuce 
id naked rock. 

755. The picturesque beauty of Italian scenery depends 
mainly on the pleasing contrast between the bare and 
desolate rock, and the luxuriant vegetation which, island- 
like, is scattered over its surface. Where the rock is 
less intersected by fissures, so that the water rests longer 
on its surface, and where it is covered with earth, as 

on the enchanting banks of. 
Lake Albano, there even Italy 
has her Oak forests, as shady ^ 
and verdant as could be de- 
sired by the inhabitants of 
the North. 

756. WTiat Benefits are de- 
nved frcm Pines growing in 
Lofty and Barren Situations f 
"-^ The trees are of great ser- 
g^' vice in rendering ground fertile 
for other kinds of vegetation, 
by the decay of their leaves 
PiNB. j^n^ resinous excretions. Thus 

we see that plants of the most opposite growths and 

• Humboldt. 
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dimensions subserVe a similar useful purpose : the humble 
lichen fertilizes the barren rock, and the stately pine 
scatters its fertilizing, leaves and cones over the poor soils 
r of hill and mountain summits. 

' 757. A remarkably Enduring vitality is manifested in the 
•roots of cone-bearing trees by the phenomenon of afters 
growth. The stumps of the felled white pine left in the 
ground form, during a succession of several years, new 
layers of ^ood, and continue to increase in thickness with- 

* out throwing out shoots, branches, or leaves. The opinion 
is entertained by some observers, that this takes place 
through nourishment derived from the roots, which the 

"extremity of the stem receives from a neighhouring living 
tree of the lame species. 

.758. What are the Leading Distinctions between Organic 
and Inorganic Bodies f 

■^ Living beings, whether animal or vegetable, are dis- 
tinguished from the masses of matter which compose the 
mineral kingdom, by peculiarities of form, size, structure, 
elementary composition, and of motion. 

759. Eveiy part of a mineral structure in which there 
has not been a mere mixture of components exhibits the 
same properties as those possessed hy the whole ; the minutest 
atom of carbonate of lime, for instance, has all the pro- 
perties of a crystal calcspar, were it as large as a mountain. 
Heilce it is the essential nature of an inorganic body that 
each of its particles possesses a separate individuality, and has 
no relation btit that of juxtaposition to the other particles 
associated with itself in one mass. 

760. An organized structure, on the other hand, is made 
up of a greater or lesser number of dissimilar parts or 

I 
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4fr§9n$; each of tlieee being the instnunent of some special 
aelioii or fimeUan^ which it performs under certain con* 
<litioiuu Hence there is a relation of mutual d/^ndence 
among the parts of an organized body.* 



761. What are the most Remarkable Examples of the 
Infiuence of Man upon the Distribution of Plants and 
Animals? 

Man not only exerts an inflaence over the Plants 
belonging to the country that he inhabits, but he brings in 
many foreign plants from near and distant regions, so far as 
the clinuite will permit. Our cam-plants, for instance, 
have been brought to us from Asi% and abo most of our 
fruit-trees and kitchen vegetables ; the potatoe from America; 
cotton was conveyed from India to North America and 
Brazil; coffee from Abyssinia and Arabia to Java, the West 
Indies, and Brazil; many useftil and ornamental plants have 
been obtained from North America, Asia, and the South of 
* Europe. 

762. There exist also remarkable instances of the plants 
Introduced by man becoming greatly diffused, independently 
of his agency, so much so as in certain cases to displaoei 
the original Plants; the artichoke and the peach-tree afford 
examples of this in the pampas of South America, paralleled 
there in the animal kingdom by the wild horsey and oxen^ 
which have in like manner become very widely diffused 
over those plains. In St. Helena the original flora {ras 
been almost driven out by the foreign plants which have 
been introduced to the island. 

763. Our common domestic animals have been conveyed 
to all parts of America, which was totally devoid of 

* Dr. Carpenter*8 ** Animal PhyBiology.*' 
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domestio animals before the advent of the EuropeaacK-to 
South Africa, Australia^ Van Diemen's Land, New Zea- 
land, th^ South Sea Islands, &c.; and great reyolation» 
both in native and in human life have resulted from it. At 
tlie present time (1863) attempts are being made to accli- 
matise the Alpaca, from Peru, in the colony of Australia, 
and the success of the early experiments appears to be 
fully established. 

764. What other influences are exercised hy Man upon 
th^ Distribution of Animals f 

* In other instances civilization has caused the extirpar 
tioH or expulsion of many hinds of animals, as the Elk, 
the Arrochs, and the Beaver in Northern Europe ; the 
furred animals in North America, the Hippopotamus and 
Orocodile in parts of Egypt ; these and the Rhinoceros and 
• the Giraffe at the Cape, the Lion in Greece, the Wolf and 
Wild Boar in Britain and Denmark.* 

765. Man drives wild animals from their favourite 
■haunts, reduces others in number, while some become 
wholly extirpated in regions tenanted by the human 
family. 

766. In the British Islands the Stag, as well as the 
Fallow Deer and the Roe, were formerly so abundant 
that five hundred to a thousand .were sometimes slain 
at a hunting-match. The Otter, the Marten, and the 
Pole-cat were also in sufficient numbers to be pursued 
for the sake of their fur ; but they have by degrees been 
reduced to very small numbers. The Wild Cat and the- 
Fox have also been sacrificed throughout the greater part^ 

« For many Interesting particniars as to Varieties, and the means by which thej- 
are produced, see "Reason Why, Katnral History,*' and **The Gardeners audi 
Fanners' Reason Why.*' 
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of the ooontrj, for the seemity of fiywls and other useful 
atiimab. Badgers have been expelled from nearly everj 
district which at former poiods they inhabited. 

767. There are some that have been wholly extirpated, 
snch as the ancient breed of indigenous Horses, and the 
Wild Boar ; of the Wild Oxen, a few remains are still 
preserved in some of the old English parks. The Beaver, 
whose fur is of considerable value, had become scarce at 
the close of the ninth century, and by the twelfth century 
was only to be met with in one river in Wales, and another 
in Scotland. The Wolf, once so much dreaded by our 
ancestors, maintained its ground in Ireland so late as the 
beginning of the eighteenth century, though it had been 
extirpated in Scotland thirty years before, and in England 
at a mucli earlier period. The Bear, which in Wales 
was regarded as a beast of the chase equal to the Hare 
or tho Boar, only perished as a native of Scotland in 
the year 1057. 

768. The Eagles, larger Hawks, and Ravens have disap- 
peared from the more cultivated districts. The haunts 
of tho Mallard, the Snipe, the Redshark, and the Bittern 
have been drained equally with the summer dwellings 
of the Lapwing and the Curlew. But these species still 
linger in Qome portions of the British Isles ; whereas 
the larger Wood Grouse, formerly natives of the Pine 
forests of Ireland and Scotland, have been destroyed 
within the last sixty years. 

760. Theso changes relate only to the larger and more conspi- 
cuous animals inhabiting a small spot on the globe ; but they cannot 
fkW to exalt our conception of the enormous revolutions which in the 
course of several tliousand years the whole human species must have 
efibcted. The number of human beings now peopling the earth is 
sujtposed to amount to eight hundred millions, so that we may easily 
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understand how great a number of beasts of prey, birds, and animals 
of every class this prodigious population must have displaced, indepen- 
dently of the still more important consequences which have followed 
from the derangement brought about by man in the relative numerical 
strength of particular species.* 

770. The 0± and the Horse, like the farinaceous Ceralia, have fol- 
lowed man over the whole surface of the globe, from India to Northern 
Siberia, from the Ganges to the River Plate ; froqi the African sea-shoro 
to the mountain plateau of Antisana, which is higher than the summit 
of Teneriffe. The Ox, wearied from the plough, reposes, sheltered 
from the noon-tide sun, in one country by the quivering shadow of 
the northern Birch; in another by the Date Palm, The same species 
which in the east of Europe has to encounter the attacks of Bears and 
Wolves, is exposed in other regions to the assaults of Tigers and 
Orocodiles.t 

771. EnormouB as are some animul forms, the mass of vegetation 
on the earth far exceeds that of animal organisms; for what is the 
value of all the large- living Cetacea and Pachydermata, when com- 
pared with the thickly-crowded colossal trunks of trees of from eight 
to twelve feet in diameter, which fill the vast forests covering the 
Tropical region of South America, between the Orinoco, the Amazon, 
and the Rio da Madeira. And although the character of different por- 
tions of the earth depends on the combination of external phenomena 
— as the outlines of mountains, the physiogpiomy of plants and animals, 
the azure sky, the form of clouds, and the transparency of the atmo- 
sphere — it mnst still be admitted that th£ vegetable mantle with which 
the earth is decked constitutes the main feature of the picture, 

772. Animal forms are inferior in mass, and their powers of motion 
often toithdraw them from our sight. The vegetable kingdom, on the 
contrary, acts upon our imagination by its continued presence, and by 
the magnitude and variety of its forms. In the animal kingdom the 

forms which we term " microscopic " occupy the largest space, in 
consequence of their rapid propagation. The minutest of the Infusoria 
have a diameter which does not exceed 3^ of a line, and yet these 
silicious-shelled organisms form in humid districts subteiranean strata 
of many fathoms in depth. 

• Sir C. Lyell, 1860. t Humboldt. 
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ANIMALSv 




773. Why are certain Divisions of the Earth characterized 
hy Particular Animals f 

, It appears evident that the various tribes of organised 
beings were originally placed by the Creator in certaitt 
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regions, for which they are by their nature peculiarly 
adapted. Being thus placed upon the earth, iJvey were left 
to disperse themselves to as great a distance from the original 
<5entre of their existence as was compatible with its physical 
capabilities, and with those unknown laws by which the 
Creator has regulated the geographic distribution of His 
creatures. 

. 774. The opinion that those conditions which regulate 
the geographic distribution of species are limited to cir- 
cumstances connected with temperature, food, situation, and 
antagonistic races, is totally insufficient to account for the 
phenomena of animal geography. We know, indeed, that 
these causes, either .singly or collectively, have great in- 
fluences on local distribution, but they have nothing to do 
witli the geographic distribution of animals indigenous to 
large continents. 

775. Looking at the animal world, we may see thousands 
of beings endowed with powers of locomotion which have 
been utterly denied to man. The Swallow, darting like an 
4irrow through the air at the rate of sixty miles an hour, 
seems to.moc^ the speed of our swiftest ships ; the Curlew 
runs rapidly lO^ the ground, mounts on the breaking surge, 
Or swiftly flies from one continent to another, thus tra- 
versing with perfect ease three elements — ^the earth, the 
■air, and the sea. Thousands, in short, of tiny birds 
perform journeys, every spring and autumn, any of which, 
to us, would be the occupation of a year. Now, the 
theoretical conclusion we should make, on considering 
these facts, would be, that animals so peculiarly gifted 
with the power of locomotion, would use it to wander in 
even/ clime; that they would spread their races in every 
region of the earth where food could be procured, or 
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wbere they could enjoj a fit tempamtnre. Yet these de- 
duetioiis are dioKtrieallj opposed hj £ftcts. The Swalloir 
of England might reach America or China in as short a 
space of time as it woold traTel to Afirica, and in either 
country would find fix>d and warmth congenial to its 
nature ; hot it has heen appointed to porsne a certain 
coarse^ and from that course it never deviates. This 
is only cme out of a thousand circumstances to prove 
that the limits of every animal have heen fixed by an 
Almighty fiat — "Hither shalt thou come, but no further.*** 

776. The total ntmiber of species of animated creatures 
known to exist at present may be estimated at about 
155,000, which Zoologists have classed as follows : — 



1. VeRTBBRATAj 


▼iz:— 




Species. 


Mammalia • 


• • 


, 


1700 


Birds 


• '• 


. 


6000 


Beptiles . 


. 


• 


1500 


Fi»he» 


. • 


9 


6000 




16,200 


2. MOLLUSCA 


• 


• 


10,000 


S. Articulata, 


including Insects 


. 


. 120,000 


4. Radiata 


. 


. 


10,000 



155,200 

777. Our World h capable of sustaining a much greater 
number of inhabitants than has yet ever existed upon it at auy 
QUO time. And, since we are informed in thf sacred oracles 
that God " created it not in vain, but firmed it to bo 
Inhabited," we have reason to believe that,Sn future ages, 
when the physical and moral energies of mankind shall be 
flilly exerted, and when peace shall wave her olive-branch 

• 8w«lnKQ*i "OlMilfleation of Anixnals.*' 
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over the nations, the earth will be much more populous 
than it has been, and those immense deserts where ravenous 
Animals now roam undisturbed, will be transformed into 
scenes of fertility and. beauty. 

778. If it be admitted that the produce of twelve acres 
of land is sufficient to maintain a family consisting of six 
persons, and if we reckon only one-fourth of the^ surface 
of the globe capable of cultivation, it can be proved 
that the earth could affi)rd sustenance for 16,000,000,000 
inhabitants, or about twenty times the number that is 
presently supposed to exist. So that we have no reason 
to fear that the world will be over-stocked with inhabitants 
for many ages to come.* 

779. Whence proceed the Infusoria and Animalculce that 
appear to Generate Spontaneously? 

Minute infusorial animalcules are probably distributed 
through the air, after being passively borne up by currents 
of watery vapour. This appears the more probable since 
Ehrenberg has discovered that the dust or sand which 
mariners often encounter in the vicinity of the Capo de 
Verd Islands, and even at a distance of 350 geographical 
miles from the African shore, contains the remains of 
various species of animalcules. 

780. Not only in the Polar Regions is there an unin- 
terrupted development of active microscopic life, where 
larger animals can no longer exist, but we find that the 
microscopic animals collected in the Antarctic expedition, 
of Captain Boss exhibit a remarkable abundance of un- 
familiar and often most beautiful forms. Even in the 
residuum obtained from the melted ice floating about in 

» Dr. Dick. 
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round fragments in the latitade <^ 70^ lO', there were 
found upwards of fiftj species of animalcules. In the 
Gulf of ErebuSy other animalculg forms were brought 
up by the lead sunk to a depth of from 1242 to 1620 
feet. 

781. Wheel-animalcules and a host of microscopic 
insects are lifted by the winds from the evaporating waters 
below. Motionless, and to all appearance dead, thej float 
on the breeze, until the dew bears them back to the 
nourishing earth, uid, bursting the tissue which incloses 
their transpar^it bodies, instils new life and motion into 
all their organs. Many of these, perhaps, float for i/ear& 
in the highest strata of the atmosphere, until they are borne 
down by the winds. 

782. Of the Infusoria, and other beings, entire mountains 
have been formed, although microscopes of the highest 
powers are required to detect an individual. Higher in 
the scale, even among Insects, the most remarkable condi- 
tions of increase are observed. Some Silkworms lay from 
1000 to 2000 eggs ; the Wasp deposits 3000 ; the Ant 
from 4000 to 5000. The Queen Bee lays between 5000- 
and 6000 eggs, and in one season the number may amount 
to 40,000 or 50,000. But, above all, the White Ant 
produces 86,400 eggs each day, which for a lunar month 
gives tbe astonishing number of 2,419,200 — a number far 
exceeding that produced by any other known animal.* 

783. What striking Analogy is there between the Dis- 
tribution of Animals and Plants ? 

• The Animal creation, like the Vegetable, is found to vary 
with height above the. sea. and with latitude; the changes 

. • Hunt's ** Poetry of Science." 
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** The king had at scft a navy of Tbarshish with the navy of Hiram ; mice in three 
Veara came the navy of Tharahish, bringing gold, and silyer, and apes, and pea-cocka." 
—1 K1MO8 xi. 



of species in ascending the Himalaya, for instance, arc 
similar to what a traveller would meet with in his journey 
from an equatorial to a high latitude. The number of 
land animals increases from the frigid zones to the Equator ; 
but the law is reversed with regard to Marine Mammalia^ 
which abound most in high latitudes. 

784. Taking a broad view of the nine orders of Mam- 
malia, it may be stated that the tropical forests are the 
•chief abode of the Monkey 
tribe ; Asia is the home of 
the Ape, especially the 
Indian Ai'chipelago, as far 
as the most easterly meri- 
dian of Timour, beyond 
whichthere are none. They . 
abound throughout Africa, 
from the Capo of Good 
Hope to Gibraltar, where 
the Barbary Ape is found 
— the only place where it 
is met with in Europe. 
Another species of Ape 
inhabits the island of Niphon, the northern limit of 
Monkeys, at the eastern extremity of the Old Continent. 

785. Many of the animals that thrive at great elevations 
cannot exist in less elevated and warmer regions. Goata 
and Sheep endure best the rarefied air and great cold 
•of high lands ; the Cashmere Groat and Angola Sheep 
browse on the Plains of Thibet, at elevations of from 
10,000 to 13,000 feet ; the Ram— ^-a sheep with spiral hoirnf 

— lives on the table-lands of Panor, which are 15,000 feet 
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'*In whose band it the soul ni erery VMng thhig, and the breath of all 

•■ V»— JOBXi. 



above the sea ; and also the Katch-gar — a species of 
sheep, with fine curling horns — thej congregate in flocks> 
of many hundreds, and are hunted by the nomade tribes- 
of Kirghis.* 

786. Innumerable attempts have been made to keep 
Cats as domestic animals in the town of Cerro de Pasco, 
14,100 feet above the level of the sea, but such attempts 
have failed, both Cats and Dogs dying at the end of a few 
days in fits, in which the cats were taken at first wit£t 
convulsive movements, then tried to climb the walls,, 
fell back exhausted and motionless, and died. It seems 
to be in consequence of the absence of sufficient atmo- 
spheric pressure. Wild ^cattle on the great mountain 
plain of Antisana bleed from the nose and mouth whea 
driven to an elevation of about 13,500 feet. 

787. Ib land animals a high degree of temperature, depend- 
ing on latitude, appears to have exercised a favourable 
influence on the development of their organization. Thus^ 
the small and slender form of our Lizards expands in the 
south into the colossal, unwieldy, and mail-clad body of 
the formidable Crocodile. In the huge cats of Africa 
and America — the Tiger, the Lion, and the Jaguar — we 
find, repeated on a large scale, the form of one of tho 
smallest of our domestic animals.f 

788. Why are Monkeys confined to certain Geographical 
Limits ? 

Their chief use, in the limits to which they are assigned^ 
appeal's to be the prevention of the too rapid increase of 
Birds, that would otherwise be brought to maturity in vast 
numbers, aided by the sun's heat. This mission the 

• Mn. SomerrUle. f Hnmboldt. 
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Monkeys carry out so perseveringly that they are per- 
petually on the watch to rob Bird's nests; and when they 
want appetite or . inclination to devour them, they destroy 
them by dashing them to the ground. Where Birds most 
abound, th6re Monkeys are most numerous also.* 

789. Why are Bats very widely Distributed? 

They feed chiefly upon Insects^ the numbers of which they 
assist to keep within the necessary limits. They take the 
place bj night which the Swallow o6cupie8 by day. Some 
of the species 
occasionally fly 
by day, but the 
habit is by no 
means common, 
and is confined 
to some of the 
Bats of tropical 
and warm cli- 



hich the Swallow o6cupie8 by day. Some 



mates that live on fruits. The common Bats, which live 
on Insects, are so numerous in species as to form more 
than a third of the whole family, and are found every- 
where except in Arctic America. The Vampire is met 
with only in Tropical America. 

790. Bats issue forth from concealment as darkness 
begins, and by thjBir active flight capture such Insects as 
are then on the wing— Gnats, Mosquitoes, Moths, Beetles, 
&c., and their wide gape is an excellent trap for the 
capture of such prey. The service which they render to 
vegetation, by the destruction of Insects which in the larva 
state prey upon it, is very considerable, even in the 

• See *« The Season Why— Natural History." 
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** The yonng lions do lack, and suffer hanger : but they that seek the Lord shall 
not want any good thing.'*— Psalsi zxzir. 



temperate climates ; and some of the hot counti-ies in 
which they swarm by myriads could not, but for them, 
be inhabited. 

791. In humid places on the margins of Tropical forests^ 
Mosquitoes are troublesome enough as it is; but if the 
Bats did not thin their numbers, they would be utterly 
unbearable. Those species, too, which frequent towns 
and settlements are useful in other respects. Most of them 
Are miscellaneous in their feeding, and not very delicate in 
their taste. They devour indiscriminately all animal sub- 
stances, whether raw or dressed, and either in a recent or 
putrid state^ and hence they act as scavengers. 

. 7^2. Maw are the Carnivorous Mammalia Distributed f 

• .Hiqr «re distributed all' over the globe^ though ver^ 




^^y^^i:^;^^;^:^^^^ 



LION AND BOA. 

tinequally. By far the majority of species, and, with the 
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** The wild beasts of the desert shall meet with the wild beasts of the island, and 
the satyr shall cry to his fellow; the screech owl shall also rest there, and find for 
herself a place of rest.**— Isaiah xxxir. 



exception of Bears and Wolves, all the largest and most 
formidable ones, are confined to Tropical countries. 

793. The Camivora form a yery large class, consisting 




of 514 species, arranged in 61 genera, and divided hj 
strong natural characteristic distinctions into &Ye families^ 
viz., the DigitigradeSy or those clawed beasts which spring 
and leap on their prey, and which comprehend as Cats 
(feles) the Lion, Tiger, Leopard, Panther, &c., and as 
Dogs (canes) the Wolf, Fox, &c., and which comprise 
the most active and formidable ; the PUmtigradts^ as 
Bears, Badgers, Racoons, &c., which use the whole lower 
joint of the leg as their support, and stand often erect 
on it as a broad basis ; the Insectivora, as Hedgehogs, 
Moles, Shrew-Mice, &c. ; the Flying Cats, a small family- 
confined to Tropical Asia ; and the Bats. 
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"The jfmag aoa» ran* after their prey, aad Hck Oeir ■«& firom God."— 
TUMMttr, 



794. The unequal distribution of the Camiyoroos Tribes 
18 so marked that, if we divide the world into Austral, 
Tropical, North Temperate, and Arctic, we shall find the 
proportion of species inhabiting each of these Gre<^aphical 
divisions to be : — 

Speaea. 
Austral ..... 3 

Tropical ..... 26 

North Temperate . . . • 9 

Arctic ..... 7 

The Austral division is here held to include the extreme 
South America, from 40^ S., with Australia, and its 
connecting islands. 

795. The Lion- is found over all Africa, Egypt and the 
Lybian Desert excepted ; and in Asia onlj in the districts 
bordering on the Euphrates, in Persia, and the jungles in 
India. The Tiger, whose migrations take a wide extra- 
tropical range, has its chief habitation in the forests and 
jungles of Bengal, the southern mainland of Asia, Java, 
and Sumatra. The Puma ranges over both Americas, 
from 50® N., to 53® S. ; the Jaguar is principally found 
in Brazil and Paraguay. The Wolf, though now nearly 

driven out of the more 
populous portions of 
Europe, is indigenous 
over the whole northern 
hemisphere, from the 
Arctic latitudes down 
to the Tropical ones. 
The Bear is largest and 
most formidable within 
the Arctic Circle as the 
Whito or Polar Bear, and m t\i^ "Kottlv American forests 
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** Thou makest darkness, and it is night; wherein all the beasts of the earth 
do creep forth."— Psalm tiv. 



as the Grisly Bear of the Rocky Mountains and the 
Western Savannahs ; within the Tropics their species are 
not numerous, and in the Austral region none occur ; 
neither is any species of the Insectivora native in these 
regions, though pretty equally distributed over all the 
others. The only formidable Bat is the Yampire, a West 
Indian and South American species, which sucks the blood 
of animals during sleep, and occasionally of man,* 

796. Humboldt thus describes a night passed by himself in the 
vicinity of a forest tenanted by wild animals: — After eleven o'clock 
such a noise began that for the remainder of the night all sleep was 
impossible. The wild cries of animals rung through the woods. 
Among the many voices which resounded together, the Indians could 
only recognise those which, after short pauses, were hdlird singly. 
There was the monotonous plaintive cry of the Howling Monkeys, th^ 
whining flute-like notes of the small SapajonS) the grunting murmur 
of the striped nocturnal Ape, the fitful roar of the great Tiger, the roar 
of the American maneless Lion, and the peculiar cries and noises of the 
Peccary, the Sloth, and a host of Parrots, Parraquas, and other pheasant- 
like birds. Whenever the Tigers approached the edge of the forcKt, 
our Bog, who before had barked incessantly, came howling to seek 
protection under the hammocks. Sometimes the cry of the Tiger re- 
sounded from the branches of a tree, and was then always accompanied 
by the plaintive piping tones of the Apes, who were endeavouring to 
escape from the unwonted pursuit. When I asked the Indians why 
such continuous noise was heard, they answered with a smile that " the 
animals were rejoicing in the beautiful moonlight, and celebrating the 
return of the full moon." To me the discord appeared rather to be 
owing to an accidental, long continued, and gradually increasing 
conflict among the animals. Thus, for instance^ the Jaguar will pursue 
the Peccaries and the Tapirs, which, densely cfowded together, burst 
through the barrier of tree-like shrubs which opposes their flight. 
Terrified at the confusion, the Monkeys on the tops of the trees join 
their cries with those of the larger animals. This arouses the tribes 
of Birds who build their nes£s in communities, and suddenly the whole 

« Uerschel. 
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"And tiie ttriiiK 



CTMtares m aad leCnnied as the appemnnce of a flash of 



animal world is in a state of commotion. Farther experience taught 
OS that it was by no means always the '' festival of moonlight " that 
iiistnrbed the stillness of the forest; for we observed that the voices 
were loadest during yiolent storms of rain, or when the thunder echoed 
and the lightning flashed through the depth of the woods. 

797. Wliy is the formation of the Kanguroo admirahlif 

adapted to its Australian Jiabitations f 

Becaase it is a country characterised in manj parts 

by marshy groands, intersected with bashy and rocky areas 

with patches of coarse grass, 
growing to several feet in 
height. The bounding move- 
ment of these animals enables 
them to .leap over and 
through the obstacles by 
which they are surrounded..^ 

798. The Marsupials, or 
those which caiTy their 
young in pouches, including 
Opossums, Kanguroos, Wom- 
bats, Phalangers, &c., con- 
stitute 14 genera, including 
123 species. Of these, only 
one genus, the Opossum, is ' 
found in America, distributed 
in 21 species, over the whole 
continent. All the other genera belong exclusively to 
Van Diemen's Land, and the Islands of the Asiatic 
Archipelago, as far as Java. 

799. In Australia they constitute an immense majority of the 
Mammalian species, in which, with this exception, that 
lingular Continent is exceedingly poor. In the Islands 
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" Be not afraid, ye beasts of the field, for the pastures do springe, for the tree 
beareth her firoit, the fig>tree and the yhie do yield thehr strength."— Jon. ii. 



of the Archipelago only seven species are enumerated, 
among which one Kangaroo is said to occur (in Java). In 
no other part of the Old Wprld are any Marsupial animals 
belonging to this class found living ; and if we would seek 
for indications of them, singularly enough it is in the fossil 
remains of the oolites of the South of England, the 
antipodes of the region which they now almost exclusively 
possess.* 

800. These animals are distinguished by a pouch-like appendage 
on the under part of the females, which pouch is supported by two 
peculiar bones, called marsupial — ^from the Latin word marsupium, 
meaning a purse, or pouch. Their young are bom in a very helpless 
state. They are far more minute and shapeless than the young of 
any other of the Mammalia, not excepting those* which come into 
the world blind and naked. The pouch answers as a sort of second 
womb, in which the young animals are brought to maturity. 

801. The structure of these animals agrees with the contingencies 
under which they exist. They are subjected to considerable hardships, 
arising from the alternate parching and flooding of the countries in 
which they abound — countries which are not adapted for the common 
Mammalia in a state of nature— and, accordingly, we find that in 
Now Holland, which may be considered the head-quarten of Marsu- 
pial animals, there are no native phicental Mammalia,' aiMl such are 
not very common in the other localities of these animals. New 
Holland, New Guinea, some of the other islands of the Archipelago^ 
South America, and the warmer parts of North America in the case 
of a single species only, are the localities of these animals; and it 
is not a little remarkable that not one of them has hftherto been 
found in Africa, though they occur on both sides of it.t 

802. There are yarious kinds of this beautiful and useful animal. 
They congregate in flocks, varying in number from fifteen to thirty, but 
are more frequently met with in threes and fours, which may be 
accounted for by the quarrelsome disposition of the males. The Kim- 
guroo, like most wild animals, conceals itself during the day, and comes 

* Herschel. t Partington's Cyclopfledia. 
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** Go to the ant, thoa slamTiurd ; consider her ways and be wise : which haying no 
Roide, overseer, or ruler, provideth her meat in the sommer, and gathereth her food 
in the harvest.**— Pbovxbm tL 



out through the night. Its food is the broad sweet-leaved grass ; it 
browses also upon herbs, and the tendrils of young gum-trees. Its 
erect position when thus feeding is conveniently supported by the 
breadth of ground covered by its long hind feet and tail. Its power of 
leaping enables it to spring from shrub to shrub, escaping the necessity 
of forcing its way through long grass or tangled underwood. 

803. Why are AnUEaters of Great Importance in the 
Economy of Nature f 

Because, without the check which they put upon the muU 
tiplication of Ants, the produce of the soil, even in the most 

fertile parts of the worlds 
would inevitably he destroyed. 
It seems almost incredible 
that so robust and powerful 
an animal as the Ant- 
eater, or Ant-bear, can pro- 
cure sufficient subsistence 
from Ants alone; but this 
circumstance has nothing 
strange for those who are 
ANT-EATBR. acquaiutcd with the tro- 

pical parts of America, 
where the ant-hills oflben almost touch one another for 
miles together. 

804. The ant-hills of South America are often more 
than twenty feet in diameter, and many feet in height. 
These wonderful edifices are thronged with two-hundred- 
fold more inhabitants, and are proportionally far more 
numerous, than the small ones with which we are better 
acquainted. Breeding in yast numbers, and multiplying 
with great celerity and profusion, the increase of these 
insects would soon enable them to swarm over the greatest 
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extent of countiy, were not their propagation and diffusion 
limited by the active exertions of that part of the animal 
creation which continually subsist by their destruction. 

805. The genera of Edentata or toothless animals (the Sloths, 
Armadillos, Ant-eaters, Marises, &c., eight in number) are equally 
divided between the Americas and the rest of the world; the former, 
however, being rather richer in species. The Sloths live entirely in 
the trees, chiefly in the Brazilian forests; the Armadillos range 
through Central and Southern America, as far as the 4drd degree 
of^ South latitude. 

806. Why are Sloths exceedingly useful in the Forests 
which they inhabit? 

The two-toed Sloth inhabits the deep and luxurious 
forests of South America, in which the trees are of giant 
growth, always green, and so close that rarely a beam 
of the vertical sun reaches the earth ; they extend over 
districts so wide, and so festooned and interlaced with 
twining plants, that winds, 
which would level a single 
tree to the ground barely 
agitate their branches. In 
order that there may be seeds 
and successions of races in 
those luxuriant forests, it is 
necessary that there should he 
consumers of the superabun^ 
dant foliage, which otherwise 
would perish from the ex- 
cess of its own exuberance, sloth. 
leaving the naked and carpetless earth to be converted, 
by the fervour of the tropical sun, into an arid waste, upon 
which no living thing could exist. If the forests were 
to be destroyed in this manner, or, indeed, m any way 
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** Everjr beast of the forest is mine, and the cattle upon a thousand hills. I know 
all the fowls of the motmtains ; and the wild beasts of the field are mine."-^PsALic L 



but one in which their place should be occupied by a 
-close surface of vegetation, the rain would depart also, 
and the land would pass beyond the power of human 
skill and labour to bring it back to usefulness, either 
for man^ or for any other living creature. 

807. Wherever the earth is green, there are browsing 
animals appointed to consume the pasturage or the foliage 
and to aid also the great scheme of nature in its succes- 
sional changes. In the tropical forests, the green is not 
upon the surface of the ground, but upon the tops of the treeSy 
and the browsing animals destined to consume it must 
have an inverted position, to enable them to make the 
foliage of the trees their pasture. 

808. A pasture suspended in the air must have those which 
feed upon it suspended in the air also ; and they cannot be 
placed above the leaves, because the latter afford no footing 
for an animal in size adequate to the consumption it is 
necessary to accomplish ; they are, therefore, suspended 
beneath the foliage, and in this manner they are brought 
in closer connection with the branches, which alone could 
afford them support. 

809. TVhg does the ntunber of Armadilloes generallf/ 
InQ'tase in the Neighbourhood of Colonies? 

Because, as well as eating insects and roots, they devour 

the carcases of animals. In 
the neighbourhood of colo- 
nies a great many wild 
animals are killed for their 
skins, and the increase of 
the number of carcases 
▲mxABiLLO. promotes the increase of 

tho Armadilloes, who ad as s cavengers. 
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810. What is the Distribution of the Order of Pachyder^ 
mata? 

Of the thirty-nine species none are Australian, and ont 
only European (the wild Boar). The Elephant is limited to 
Southern Asia, Scjthia, the Archipelago, and Central and 
Southern Africa; the Hippopotamus is exclusively African; 
the Rhinoceros ranges with the Elephant, or nearly so. The- 
Swine and the Horse (including the Wild Ass and the Zebra) 
are the most numerous in species of this class, nine species 
of the former being scattered over Europe and Asia, threo 
(the Wart-hogs) in Africa, and two (Pectaries) beijjg the 
South American representatives of this family. The Wild 
Ass frequents the deserts and high plateaux of Asia, and the 
Zebra is exclusively African. The Pachydermata have 
been introduced into North America by man. In the 
southern part of that continent the only indigenous species 
is the Tapir, which is also found in the Indian Archipelago,, 
and the southern provinces of the Chinese Empire. 

811. In what manner do the larger Pachydermata fulfil the 
Purposes of Nature in the places they Inhabit ? 

The Hippopotamus devours an enormous quantity of 
coarse vegetable mattery much greater than is consumed by 
any other animal. Its office is to clear the rivers of those 
vegetable remains which, if allowed to. accumulate in 
countries where vegetation is rapid, would choke up all the 
passages and turn the flat lands into marshes. Neither the 
Elephant nor the Khinoceros, coarse as their subsistence 
may be, could live on the same kind of food as the 
Hippopotamus. 

812. In like manner the Rhinoceros consumes a great 
amount of rank vegetation in forests, and on the. borders- 
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** Tlion thalt be ic league with the itones of the field : and the beasts of the field 
shall be at peace with thee."— Psalm xxiii. 



of rivers and marshes. When branches or tangled roots 
offer considerable resistance to these clearing processes, ihe 
Rhinoceros nses its horn or horns as a kind of punch or axe 
to sever the fibre. The Hippopotamus makes similar use of 
its large teeth, and the Elephant occasionally of its tusks. 
The importance of these operations in clearing forests, rivers, 
and marshes can scarcely he estimated. 

813. Dr. Livingstone, while travelling in Africa, fell in 
with troops of Elephants, exceeding in numbers anything 
hitherto described, and so tame that he was obliged to 




ELEPHANT. 

halloo at them to get out of the way ; besides Buffaloes, 
Giraffes, Zebras, Antelopes, Springboks, and wild Hogs in 
great numbers. Dr. Smith, in latitude 24®, in one day's 
march with a bullock-waggon, saw, without wandering to 
any great distance on either side, between Mtj and one 
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hundred Kliinoceroses; the same day he saw several herds of 
Giraffes, amounting together to nearly a hundred. At the 
distance of a little more than one hour's march from their 
place of encampment on the previous night, his party 
actually killed on one spot eight Hippopotamuses, and 
saw many more. In the river there were likewise 
Crocodiles. 

814. Besides these large animals there are enormous 
herds of Antelopes, which can be compared only with the 
flocks of migratory Birds. The numbers, indeed, of the 
Lion, Panther, and Hyaena, and the multitude of Birds of 
prey, plainly speak of the abundance of the smaller qua- 
drupeds. One evening seven Lions were counted prowling 
at the same time round Dr. Smith's encampment. The 
carnage each day in Southern Africa must be terrific. The 
African vegetation upon which the herbivorous animals 
feed, does not exhibit that luxuriance which might be 
anticipated ; the larger quadrupeds no doubt roam over 
wide districts in search of it. But the vegetation has a 
rapid growth ; no sooner is a part consumed than its place 
is supplied by a fresh stock.* 

815. What are the Adaptations of the Camel to its 
Geographical Distribution f 

By the conformation of the Camel's stomach, he is 
enabled to subsist for many days without water, and to feed 
on the dry coarse shrubs he finds on his arid journey ; while 
his feet, admirably adapted to the regions in which he lives, 
enable him to perform journeys across the burning sands that 
no other animal could perform without injury or damage. 

816. The natural climate of the Camel extends from 
Mauritania, in Northern Africa, for a zone of 900 miles, 

• Darwin's '« Voyage Round the World." 
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.as far as China. The Dromedary, or Arabfan Camel, 
has one hanch on its back, four callous protuberances on 
the fore legs, and' two on the hind ones. The Bactrian 
Camel has two hunches on its back. 

817. The hunches are an accumulation of a peculiar species 
offaty which is not liable to be acted upon by the ^eat heat 

to which the animal is 
exposed. It is, in fact, a 
store^ of nourishment, bene- 
ficially provided against a 
day of want, when a sup- 
ply of food cannot be 
obtained. The Dromedary 
or Camel can exist for a 
long period upon their 
humps alone; and they 
do not die of starvation 
until the fat thus accu- 
mulated has been entirely 
consumed. 

818. The callosities on 
their breasts and legs serve 
as cushions. These ani-. 
mals do not lie on their sides, but rest and sleep widi their " 
knees bent under their bodies, and their breasts, upon the 
ground; these parts therefore require to be guarded fix)m 
the heat of the earth, and also strengthened to rewst 4^e 
weight of the body. 

819. The Camel constitutes the wealth and imf^otfance 

of the Arab, without which he could neither subsist 

cany on his trade, nor travel ovet ^wdA-^ ^e-efex^a* ComeFs 
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** And he made his camels to kneel down without the city hj a well of water at 
the time of the evening, even the time that women go oat to draw water.**— 
Qknksis xxiT. 



milk is a common food, and the hair is manufactured into 
cloth, shawls, and mantles; while the skin is used as a 
covering for tents. In the poetry of the East, the Camel 
is designated as the " land-ship, " or the " ship of the 
desert." 

820. The Camel is, however, not only the carrier in the 
desert, and the medium for maintaining communication 
between different countries, but the main requirement of a 
nomadic mode of life in the patriarchal stage of national 
development, in the torrid region of our planet, where rain 
is either wholly or in a great degree absent. No animal's 
life is so closely associated by natural bonds with a certain 
primitive stage of the development of the life of man, as 
that of the Camel among the Bedouin Arabs, nor has 
any other been established in like manner by a continuous 
historical evidence of several thousand years. 

821. The Llama of the New World is analogous to the Camel 
of the Old, but smaller in size, being only about four feet 
four inches high in the 
shoulder, while the Camel 
is from five to seven ; it 
'is a native of the moun- 
tainous districts of South 
America, -but is now being 
acclimatised, together with 
the Alpaca^ in Australia, 
to which continent it has 
rectotly been introduced, 
■witk every prospect of 
greatly enriching the pro- 
ductiveness of that great 
and growing country. The only ruminating animaU ^tj^^t^*^ 
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the Deer, that existed in South America prior to the con- 
quest, were the four allied species, the Llama^ the Alpaca, 
the Vicuna, and the Guanaco : the first three are exclu- 
sively confined to the colder and more elevated regions of 
the Peruvian Andes ; the last has a wider geographical 
range, extending to the plains of Patagonia and even to 
the southernmost extremity of the continent. 

822. What are the Peculiar Adaptations of the Giraffe? 

The food of the Girafie is either herbage or the 
foliage and tender shoots of trees. The admirable for- 
mation of the animal allows it either to graze in the open 
champaign grounds^ or reach the succulent tops of trees 
in the forests. The Girafie ranges widely over the 
south of Africa, from the northern banks of the Orange 
River to the Great Desert; it' is found also in Mongols 
and Abyssinia. 

823. The great peculiarities of this animal which 
adapt it for its native haunts are, its long neck ; the 
height of its fore contrasted with the hind legs, being 
in front, from hoof to horn, sixteen or twenty feet, 
while from heel to croup it is seldom more than a third 
of that height ; the small and remarkably beautiful head, 
embellished with two slender horns, covered with a 
velvety skin, and surmounted at the top by bristly hair ; 
the large quick eyes, set prominently near the back 
of the head, to enable it to keep watch while feeding 
amidst the foliage ; and the long prehensile tongue, 
which gathers the twigs and leaves into bunches, with- 
out which the animal could obtain only a limited supply 
of food. 

824. Of the large amount of vegetable matter which 
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these and other noble inhabitants of the forests and 
morasses consume daily, some idea may be formed when 




GIRAFFE FEEDING. 



it is stated that a single Giraffe in a state of confine- 
ment will consume about forty pounds of mixed vegetables 
daily. 
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BBArXRS. 



825. What is the Geographical Distributim of th$ Order 
Rodentia ? 

The liodentioy thoagli not a very nnmeroiiB class, enjoj 

a wide distribution. Of 
the Tarions genera, forty^ 
four belong exclosiyely to 
America, and five exclu^ 
rively to Australia. Among 
the most remarkable are 
the Beavers and the Por- 
cupines. The Beaver for- 
merly inhabited Britain. 
Of ihePorcupines seventy- 
seven species belong to 
America^ and only exx, to 
the Old World. The common Porcupinid is a native of 
Southern Europe. The class includes tilso the Squirrel, 
Hare, Kats, and Mice. * 

826. The BeaTer presents one of the strongest instances of in- 
stinetive sagacity and industry which can be met with in the animal 
creation. It is g^reg^oas, living in societies of two and three hun- 
dred, whose labours are employed for the general good, and their 
settlements are made either in ponds so deep as not to allow of their 
being frozen to the bottom, and which have streams of water run- 
ning through them, or in rivers. Having determined on the place in 
which to erect their habitations, the first business consists in formins^ 
a dam, and for this purpose they stop the stream in the place most 
fliVDurable for their operations. 

827. The dam is raised by driving stakes of five or six feet length 
into the ground at different distances, interweaving them with branches 
of trees, and filling the interstices with clay, stones, and sand^ 
which they ram down very firmly teith their tails. The founda- 
tion of the dam is ten or twelve feet thick; the top is not more 
than two or three feet broad, presenting a perpendicular face to 
the stream, whilst the slope is placed on the outside, where, as gras^ 
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grows, ^he .du& is rendered more solid. In this way they build a 
dam not un^qtteittly a hundred feet in length. 

828. .Within the embankment near the edge of the shore are 
built the dwellings, which are from ten to twenty- five in number; 
these are raised upon piles, and sometimes consist of two or three 
stories, for coilyenience of change in case of floods. The houses 
are of a round or oval form, with a vaulted roof, the walls about 
#wo feet thick, formed of earth, stones, and sticks, but neatly 
plastered within, and to each are two entrances, one towards the 
water, and the other facing the land. Their height above the 
water is about eight feet. In one habitation reside from two to 
thirty Beavers, etioh animal having its own bed of moss, and each 
family its own winter stock of provisions, consisting of the bark and 
small branches of trees, which are kept in the water, and fetched 
%vithin as required. 

829. What is the Geographical Distribution of the Order 
Huminantia 7 

Of these there are eight genera, and one hundred and 
eighty species. The Old World claims two species of 
Camels, seven Musk Deer, thirtj-seven Deer, two Girafies, 
forty-seven Antelopes, eighteen Goats, twenty-five Sheep, 
eighteen Oxen: tha New World, three Llamas, fourteeii 
Deer, one Antelope, two Goats, two Sheep, two Oxen* 

830. Among Deer, the Bein-^eer is by far the most 
important as an animal of wonderful endurance, speed, 
and docility — the special gift of Providence, as it would 
seem, to the inhabitants of the regions bordering on the 
Arctic Circle. The Cameleopard is exclusively African ; 
and of its two species, the one belongs to North, the 
other to South Africa. The Antelcpe, also, although 
representid in Europe by the Chamois, in America by 
the Springbok, and in Asia by eleven other species, is 
jet an African animal, both in respect, of the nilmber 
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of the species, and of the countless moltitudes of indir 
viduals which, in their migrations in search of water, are 

described as corerini^i^ 
whole surface of extensiTe 
tracts of country like .the '. 
waves of the sea. 

831. Among Goats^ the 
Ibex frequents the mor^ 
elevated r^ions of the' 
Swiss Alps; and the,.' 
Asiatic species frequent 
the Taurus Mountains and - 
Kamstchatka. The JSheep^ 
domesticated in Europe, 
would appear to be trace- 
able to Western Asia, 
where, as well as in Africa, the wild species frequent 
the more inaccessible mountain districts. Of the two ' 
American species, the Argoli of the Kocky Mountains. ii| 
remarkable for the enormous horns of the ram. 

832. Among Oxen, the South African Buffalo is wild 
and ferocious, and the 
Indian domesticable. The \'A 
American Bison exists in ^ ' 
immense herds on the 
north-western American 
prairies. The Musk Ox is 
"the only considerable Ru- 
minant in the Arctic 
regional of America. It 
inhabits the country about 
Hudson's Bay, is con- 
siderably smAller than the common Ox ; the legs short and 
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thick, and the bair long, fine, and matted. Australia 
produces no ruminant animal. 

833. WTiat are the Adaptations of the Marine Mammalia 
to their Geographical Distribution ? 

The Polar Seas are the habitations of the Marine Mam* 
malia, some of them the largest of living creatures; as 

their name implies, they ._ : =i—~^r— ^~^:^^^r^^^=^ . 

suckle their young, and 

are distinct from fishes 

through this and other 

peculiarities. They form 

two distinct families^ 

Whales and Seals, Seven 

species of the Seal tribe 

live in the Arctic Ocean 

and the North Atlantic ; whale. 

but the Greenland Seal, the Bearded Seal> and the Phoca 

Lepoina, are also found in the high latitudes of the 

North Pacific. 

834. The order Cetacea includes the Whale, Dugong, 
Dolphin, Porpoise, &c. As these animals traverse the 
ocean in pursuit of their prey, the limits of their geogra- 
phical distribution will differ in some degree from that 
of terrestrial animals, and be determined rather by the 
seas they inhabit than by the shores they occasionally 
frequent. Some of the species, which are herbivorous, 
live within the Tropics, and find ample sustenance in 
the abundant Alg83 of the intertropical seas. 

835. A remarkable adaptation is found in the Whales, 
properly so called, which have no teeth, but are furnished 
with lamincB of bone, inserted in the upper jaw, the extreme 
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JUammta of which act as a hind of net to catch the small 
marine animals, which form their principal food, and to the 
abundance of whicli we have already alluded. The Green- 
land Whale is the largest animal known to inhabit the 
water of this or former ages of the earth. When fully 
developed, it is from fifty to seventy feet in length, and 
from thirty to forty in circumference. 

836. The bones of the upper jaw in this huge species 
are composed of a kind of fibrous horn, which supplies 
mankind with what is called whalebone, fringed with fila- 
ments at the edges, which serve to retain the worms, 
mollusca, and small sea insects on which these monsters 
feed, their organs not being fitted to swallow that kind 
of food which we might suppose to be proportioned 
to their bulk. The lower jaw, which is devoid both 
of teefh and the horny laminae, lodges a very thick and 
fleshy tongue, and, when closed, embraces the internal 
part of the upper jaw, so as to make a hind of rim 
for the strainer which the filaments form. The water 
ejected though the "blowers" of Whales is first passed 
through this strainer, and yields myriads of small crea- 
tures to the support of these monsters of the deep. 
When open, a Whale's mouth (of the largest size) is 
capable of receiving a ship's jolly-boat with her crew 
between the jaws! 

837. The Walrus exhibits a different but an equally 
striking adaptation. It is endowed with large tusks, 
which enable the animal to mow down or to turn aside tJie 
great fields of sea-weed among which it finds crustaceous 
and molluscous animals, such as Lobsters, Crabs, Whelks, 
&c. These tusks are also useful to enable the animal to 
lift its cumbrous and heavy body over the blocks of ice 



PHYSICAL GEOGRAPHY, AND GEOLOGY. 



259 



*' Whoso is wise, and will obserre these things, eren they shall understand the 
loving kindness of the Lord.*'— Psauc cvii. 



among which it lives. This it accomplishes by fixing 
its tusks in the ice^ using them as a lever. They enable 
the animal to raise itself _—^i ~"^-f If I ff ^ -^^^f^^ 



out of the water, by hold- 
ing on upon a rock or 
iceberg, just as the Parrot 
steadies himself by his bill. 

838. Seals are found in 
greatest numbers in estu- 
aries and straits, because 
the fishes upon which they 
feed congregate in the 
currents of these nan*ow 
places. The nostrils of 
Seals are surrounded with long bristly hairs, which 
are instruments of touch, just as the whiskers of the 
Cat. These instruments are exceedingly useful in ex- 
ploring the crevices and irregular surfaces of icebergs 
beneath the water, where fishes take shelter and conceal 




GROUP OP WALRUSES. 




ANATOMY OP THE SEAL. 

themselves. The nostrils of Seals are capable of being 
closed or opened at the will of the animal, by which it 
is enabled to keep beneath the water for a considerable 
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— liAIAH ZZXiT. 



period ; and their eyes are pecniiarly constructed, so as 
to adapt themselves to the functions of vision either in 
water or in air, 

839. What is the Geographical Distribution of Birds f 
Although, fVom their powers of flight, birds might 

be expected to be little influenced by geographical limita- 
tions, it will be found that they, like quadrupeds and 
plants, are sttbject to definite geographical Iwuts, circum- 
scribing particular groups. The conunon grouse of Britain 
aflbrds a striking example of this arrangement, as it 
is nowhere met with out of this kingdom ; and other 
instances occur of a very scanty area containing a species 
not to be found in any other r^ion. 

840. The celebrated Birds of Paradise are exclusively 
coufiueil to a small part of the Torrid Zone, embracing 

New Guinea and the con- 
tiguous islands ; and the 
beautiful Lories are in- 
habitants of the same 
districts* being quit« un- 
known to the New World. 
FteToqnets are chiefly 
occupants of a zone ex- 
tending a few degrees 
beyond each Tropic ; but 
the American group is 
quite distinct from the 
African^ and neiiho- of 
these has one in c<Hnmon 
with the F^ffTots of India. 

T«« ««*, «*««. ^j .j^ ^j^ ^^^ 

is iuaited to i1m 1k^£^ii«s( saaaD3a& o£ ths Alps ; aad the 
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Condor, which soars above the Peak of the loftiest of 
the Andes, never quits that chain. The Imperial Eagle 
is a native of the highest mountains of Central Europe 5 
the Golden Eagle is a native of Europe and North America ; 
the Bald Eagle is common to both continents of America, 
inhabiting the shores of the ocean, and the beetling cliffs 
of lakes and rivers. 

842. Humming Birds are entirely limited to the Western 
Hemisphere, where a particular species is sometimes 
bounded by the range of an island, while others are 
more extensively spread. These birds include an im- 
mense number of species, 
upwards of two hundred 
of which have been dis- 
tinguished into genera 
hj modern ornithologists. 
They swarm in the Tro- 
pical regions of America, 
in the great archipelago 
lying between Florida and 
the mouth of the Orinoco, 
a.nd on the mainland of 
the Southern continent of America, till it passes the Tropic 
of Capricorn, only two species extending far into the 
northern continent. 

843. Among the birds incapable of flight, which rival 
quadrupeds in their size, the intertropical countries of the 
globe have their distinct species, presenting similar general 
features of organisation, as the Ostrich of Africa and 
Arabia, the Cassowary of Java and Australia, and the 
Toyou of Brazil. 

844. In the Arctic regions we meet "tjy^ ^"^ewi^ -^^wI^ccmc 
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ALBATROSS. 



** Deliver thyself as a roe from the hand of the hunter, and as a bird from 
the hand of the fowler."— Provebbs. 



to them, such as the Lapland Owl, and the Eider Duck, from 
whose nests eider-down is obtained. Several families of 
maritime birds are likewise 
limited to particular oceanic 
localities. Approaching the 
fortieth parallel of latitude, the 
Albatross is seen floating upon 
the surface of the waves, and 
soon afterwards the Frigate and 
other Tropical Birds, which 
never wander far beyond the 
Torrid Zone. 

845. Aggregation into im- 
mense flocks is a distinguishing 
feature of several species, especially of the aquatic order^ 
which form separate colonies, building their nests in the 
same state, though other spots equally adapted are at no 
great distance. Hence the Vogel-bergs of the northern 
seas, one of which, at Westmannsharn, in the Faroe group, 
seldom intruded upon by man, presents a most extraordinary 
spectacle to the visitor. Thousands of Guillemots and 
Auks swim in groups around the boat which conveys man 
to their domain, look curiously at him, and vanish beneath 
the water to rise in his immediate neighbourhood. The 
Black Guillemot comes close to the very oars. The Seal 
stretches his head above the waves, not comprehending 
what has disturbed the repose of his asylum, while the 
rapacious Skua pursues the Puffin and the Gull. 

846. High in the air the birds seem like bees clustering 
about the rocks, whilst lower they fly past so close that 
they might be knocked down with a stick. On some low 
rocks, scarcely projecting above the water, sit the gloomy 
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Next are 



Cormorants, turning their necks on every side. 

the Skua Gulls, re- ^-^^i^_.--=^-^ 

garded with an anxious 

eye by the Kittiwakes 

above. Nest follows 

nest in crowded rows 

along the whole breadth 

of the rock, and nothing 

is visible but the heads 

of the mothers, and the 

white rocks between. 

A little higher on the 

narrow shelves sit the 

Guillemots and Auks, 

arranged as on parade, 

with their white breasts 

to the sea, and so close 

that a hailstone could 

not pass between them. 

The noise of the multitude of birds is confounding. 

847. An uninhabited island exhibits some remarkable features, 
■especially with regard to the tameness of animals that are strangers to 
man. The following description is by Capt. Wilkes, of the United 
States Navy : — " The landing on a coral island effectually does away 
with all preconceived notions of its beauty. That verdure which seemed 
£*om a distant view to carpet the whole island, was in reality but a few 
patches of wiry grass, obstructing the walking, and offering neither 
fruit nor flowers to the view; it grew among the rugged coral debris, 
with a little sand and vegetable earth. It is somewhat surprising that 
trees forty or fifty feet high should have found sufficient soil to protect 
their growth. 

848. *' The number of birds on the island was incredible, and they 
are so tame as to require to be pushed off their nests to get their eggs. 
The most conspicuoiu among them was the Frigate bird; many of thd 
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** Where the birds make their nests, as for the stork, the fir-trees are her 
home."— PiALx dv. 



trees were covered with their nests, constructed of a few sticks. The 
old birds were seen, as they flew off, inflating their blood-red ]>onches- 
to the size of a child's head, and looking as if a large bladder were 
attached to their necks. The Gannets, Sooty-terns, and the beautiful 
Tropic- bird were in countless numbers, the former guarding their egg» 
(which were laid on the ground without nests) with care, remaining by 
them, and even suffering themselves to be captured without resistance^ 
Theur hoarse croaking was quite deafening. 

849. " Some droll sights were seen of Crdba walking off with Snakes, 
and both again seized by some stout bird and borne away. Armies of 
Soldier or Piratical Crabs were seen moving in all directions with their 
shells. We found no use for our guns, powder, and shot; as many 
specimens as we could desire were taken with the hand, both old and 
young. In some cases the Tropic-birds were taken off their nests, and 
from others their eggs were taken without disturbing them. Indeed,. 
I have never seen any barn-yard fowls half so tame. 

850. " The various Snakes, the many-coloured Fish, the great Eels,, 
enormous and voracious Sharks, shells, large Molluscs, curious Lepi- 
doptera, and Spiders seemed to have quiet possession, their webs 
stretching in every direction, and occasioning us much annoyance. All 
gave a novelty to the scene that highly interested and delighted us." 

851. Will/ are Reptiles confined to very narrow Geogra- 
phical limits? 

One reason, at least, may be found in the fact that they 
are confined to limited geographical regions by the imper- 
fection or total want of organs of locomotion. Another 
reason may be found in creative design : if creatures like 
the Boa and the Rattle-snake could spread themselves from 
the hot to the temperate latitudes, and diffuse themselves 
generally over the earth, they would prove serious pests, 
and formidable enemies to a great number of useful races* 

852. The range of the large reptiles is, in general, quito 
as limited as that of some orders of the terrestrial mam- 
malia. The great Sauiians sometimes cross a considerable 
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tract, in order to pass from one river to another ; but their 
motions by land are generally slower than those of quadru- 
peds. By water, however, they may transport themselves 
to distant situations more easily. The large Alligator of 
the Ganges sometimes descends beyond the brackish watei* 
of the delta into the sea ; and in such cases it might chance 
to be drifted away by a current, and survive till it reached 
& shore at some distance. 

853. Turtles migrate in large droves from one part of 
the ocean to another, during the ovipositing season, and 
they find their way annually to the island of Ascension, 
from which the nearest land is 800 miles distant. Some 
of the smaller reptiles lay their eggs on aquatic plants ; and 
these must be often borne by rivers, and conveyed to distant 
regions in a manner similar to the dispersion of seeds. 
A noble specimen of the Boa Constrictor was conveyed to 
the island of St. Vincent about the year 1827. It was 
transported round the trunk of a large cedar tree, which 
liad probably been washed out of the bank by the floods of 
some great South American river, while its huge folds hung 
on the branches, as it waited for its prey. 

854. What is the Geographical Distribution of Fishes? 

We are less acquainted with the habitations of marine 
xmimals, and their geographical limits, than with the 
grouping of the terrestrial species. There appears, how- 
ever, a remarkable distinctness of character between the inhabit- 
<j,nts of the seas, on the north and the south of the Equator, 

855. The only fresh-water fish that is common to both 
Europe and North America is the Fike, but it is curious 
that this fish is unknown to the westward of the Rocky 
jMountains, the veiy coast which approaches nearest to 
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the old Continent. Fresh- water fish in China agree 
closely with those of the peninsula of India, but the 
species are not the same. 

856. In the distribution of marine fish, the interpo- 
sition of a Continent, stretching from the Tropics far 
into the temperate or colder parts of the ocean, separates 
difierent groups of marine families ; so with respect to 
fresh-water species, the intrusion of arms of the sea 
running far to the northwards, or the interposition of a 
lofty mountain-chain, efiects the same thing. The fresh- 
water fish of the Cape of Good Hope, and the South 
American ones, differ from those of India and China. 

857. Whi/ are Fishes admirably adapted to their appointed 
part in Nature? 

The peculiar formation of their bodies is well suited 
to the element in which they are appointed to live; and the 
swiftness of their motions, 
to the wide and almost 
boundless range which they 
enjoy. The elongated oval 
forms of their bodies fa- 
cilitate their motion in 
their natural element ; and many of them are provided 
with air-bladders, by increasing or reducing the air in which, 
they facilitate their rising or sinking in the water, 

858. By the migrations offish, an abundant supply of 
wholesome food is periodically bestowed tipon the inhabitants 
of shores remote from each other, 

859. The uses of fish are of vast importance. Of all the classes of 
animals, there is not one which affords so great a number of species 
useM as food to man. The sxjkppX'j iu l\i^ %e&s around Great Britain 
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may be said to be inexhaustible. A very considerable portion of 
our coast population • are more or less engaged in fisheries, and the 
shores are indented with bays and harbours which facilitate their 
employment, and render it an important branch of national industry. 
The River fisheries, also, of Great Britain are of considerable ex- 
tent, particularly those of the Salmon, both in Scotland and Ireland, 
from which immense revenues are derived. The value of the entire 
annual produce of the foreign and domestic fisheries of Great Britain 
is estimated at between five and. six millions sterling, 

860. Besides its use as an article of food, fish is also extensively 
employed as a manure, certain properties in the bones and flesh being 
conducive to vegetation. The kinds of fish employed are numerous. 
Those most commonly employed are Sprats, Sticklebacks, the refuse 
of Pilchards, Herrings, Whale-blubber, and shell-fish. Sprats are 
used very extensively in Essex, Kent, and Sussex. Upon the hop- 
grounds adjoining the Medway from sixty to a hundred bushels per 
acre are usually applied. For ordinary grain crops. Sprats are used 
at the rate of from twenty to thirty bushels per acre, and are sown 
by hand upon the fallows, before the seed is deposited. They are 
also admirably adapted for compost with earth, in which state they 
form a capital dressing for turnips and green crops. Sticklebacks 
are principally used in the fens of Lincolnshire and Cambridge, 
where they are found in large quantities. 

861. The refuse of Pilchards is very generally used as a manure. 
From eight to ten thousand persons on the south coast are usually 
■employed at sea and on shore in this trade. Whale-blubber, mixed 
with earth, is found to answer extremely well upon arable and pasture 
land, producing most luxuriant crops, and leaving its good efiects 
for two or three years. Shell -fish are found to prove an excellent 
manure; especially some of the species which excel in phosphates, 
and are therefore of more permanent influence than other sorts of 
fish. Thtis toe find that the constantly accumulating treasures of 
the sea enrich and beautify the land* 

862. How do Fish first find their way to Newly- 
formed Lakes and Ponds? 

Wild geese, ducks, and other birds subsist in their 
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migrations on the spawn of fish ; and it sometimes happens^ 
that when, two or three days afterwards, they void the 
spawn, some of the eggs retain their vitality unimpaired. 

863. The minute eggs of fish sometimes become entangled 
in the feathers of water-fowl. These eggs, when the birds 
alight to refresh and wash themselves in the water, may^ 
often contribute to propagate swarms of fish, which, in due 
season, will again supply the birds with food. 

864. Some large Water-beetles, also, are amphibious, 
and in the evenings quit their lakes and pools, and, flying 
in the air, transport the minute ova of fishes to distant 
waters. In this manner some naturalists account for the 
fry of fish appearing occasionally in small pools caused by 
heavy rains. 

865. We have ourselves seen a small fish in a little pool 
of water, the bed of which was merely the deep foot-print 
of a horse's hoof. Wondering how it came there, we 
examined the country, and at a little distance found a large 
pond, at which horses went down to drink. The spawn of 
a fish had doubtless been transported by the horse's hoof to 
the place where we found it, a fall of rain supplying the 
necessary conditions to its development. 

866. Among the Fishes, Sponges, Meduste, &c., of the northern and 
southern seas, there appear to be essential characters of distinction 
between the analogous species. On comparing, also, the fresh-watec 
fish of Europe and North America, it is found that the only species 
which is unequivocally common to the two Continents, is the Pike ; and 
it is curious that this fish is unknown to the westward of the Rock^ 
Mountains, the very coast which approaches nearest to the old Conti-> 
nent. The genera of fresh-water fish in China agree closely with those- 
of the peninsula of India, but the species are not the same. As in the 
distribution of marine fish, the interposition of a continent, stretching 
from the tropics far into the temperate or colder paits of the ocean. 
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" The fishes of the sea, and the fowls of heaven, and the beasts of the field, and all 
creeping things, that creep upon the earth, and all the men that are upon the face of 
tlie earth, shall shake at my presence."— Ezskuei. xxxvtii. 



separates different groaps, so, with respect to the fresh-water species, 
the intrusion of arms of the sea, running far to the northwards, or the 
interposition of a lofty mountain chain, effects the same thing. 

867. Wht/ do Archipelagoes and Coral Islands favour 
the Migrations of Fish ? 

Because the shores of the islands supply the fish with 
their appropriate joody and afford places for the deposit of 
spawn, 

868. The migrations of the Salmon, Herring, &c., are 
analogous to the periodical flights of birds. The Salmon, 
towards the season of spawning, ascends rivers for hundreds 
of miles, leaping up the cataracts which it meets in its 
course, and then retreats to the depths of the ocean. 

869. The Herring and the Haddock, after frequenting 
certain shores, in vast shoals, for a series of years, desert 
them again, and resort to other stations, followed by the 
species which prey on them. Eels are said to descend into 
the sea for the purpose of producing their young, which 
return into the fresh water in myriads, extremely small in 
size, but possessing the power of surmounting every obstacle 
which occurs in the course of a river, by applying their 
slimy and glutinous bodies to the surface of rocks, or the 
gates of a lock, even when dry, and so climbing over it. 

870. The Herring is essentially a northern fish, seldom found so far 
south as the Bay of Biscay in Europe, or the coast of Carolina in 
America. Like plants that, flourishing in certain climates only, become 
fewer and mor» stunted the nearer they approach the limits of their 
zone, Herrings decrease in number and size as they approach their 
assigned southern boundary — those caught on the southern shores of 
England beiog considerably smaller than those which frequent the coast 
of Norway. About the month of July the grand array of Herrings is 
found northward of the Shetland Islands, in distinct columns five and 
six miles long, and three or four miles broad. Pressing inward to 
the shallows, they drive the sea before them in a continuous ripple. 
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** I win have thee thrown into the wilderness, thee and all the fish of thy rivers : 
thou Shalt fall upon the open fields; thoa shalt not be brought together nor gathered. 
I have given thee for meat to the beasto of the field."— Ezkkizl zziz. 



Sometimes they sink down fathoms deep for a few minutes, then again 
ritdog to the surface, they sparkle in the sun, like diamonds. During 
the calm summer night the scene is indescribably brilliant, from the 
intense scintillations of phosphoric light exhibited by the countless 
myriads of moving fish. The number of living creatures in these shoals 
would be completely beyond belief, if we did not know that the 
spawn of a single herring has been found to contain 36,000 eggs.* 

871. Why do certain Fishes Migrate in large Shoals? 

Because large numbers of them are acted upon by the same 
necessity at the same time ; they therefore move together by 
a common impulse, to fulfil a general purpose. All fishes 
that are known to swim in shoals are solitary, except 
when the necessity for spawning approaches, and then the 
prevailing need brings them together in large numbers. 

872. It was at one time believed that Herrings migrated 
from the Northern Seas towards the South. But this 
opinion is now abandoned. They inhabit deep waters, and 
when the spawning season approaches, they resort in im- 
mense shoals to the shores of bays and estuaries. They 
spawn once a year about the period of the autumnal equinox ; 
but they are somewhat capricious in their movements, occa- 
sionally shifting their spawning places. The principal 
fisheries are off the Scottish and Norfolk coasts. 

873. Pilchards abound in the Mediterranean, but, like 
the Herring, are migratory. The chief Pilchard fisheries 
are along the coast of Dalmatia, in the Gulf of Venice ; on 
the coast of France, between Belle Isle and Brest; and 
along the shores of Devonshire and ComwalL It is a say- 
ing of the Cornishmen, that the Pilchard is the smallest fish 
in size, yet the most numerous and the most profitable of 
any they take out of the sea. The number obtained from 

• See ** The Reason Wby : Katnnl Histoiy.*' 
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*' And it shall come to pass, that the fishers shall stand upon it fhrai Engedi even 
unto £n-eglaim ; they shall be a place to spread forth nets; their fish shall be according 
to their kinds, as the fish of the great sea, exceeding many.*— Ezxkixl zItU. 



the nets at one shooting is amazingly great. A few years 
ago there were at one time enclosed in St. Ives Bay 15,000 
hogsheads of fish, which realised the enormous sum of over 
£30,000, having sold at about 45s. per hogshead — a fact 
which we ascertained afterwards at St. Ives, while in 
conversation with one of the seine-owners. 

874. The money paid annually, on an average of ten 
years, for Pilchards exported from Cornwall, amounted to 
£49,533 10s. Upwai-ds of 30,000 hogsheads are annually 
consumed in England, and more than 100,000 have been 
exported in one year. 

875. Why do the habits of Fishes, and other Marine AnimalSy 
assist the Study of the Physical Geography of the Sea ? 

Because marine animals, to a great extent, follow those 
currents of the ocean the temperature of which is congenial 
to their habits. Whales first pointed out the existence of 
the Gulf Stream by avoiding its wartn waters. Along the 
coasts of cold or temperate climates, all those delicate 
animals and marine productions which delight in warmer 
waters are wanting ; thus indicating by their absence the 
cold currents from the north. 

876. In the genial warmth of the sea about the Bermudas 
on one hand, and Africa on the other, we find in great 
abundance those delicate shell-fish and coral formations 
which are altogether wanting in the same latitudes along 
the shores of South Carolina. The same obtains in the west 
coast of South America, for there the cold current almost 
reaches the Line before the first sprig of coral is found. 

877. The Sperm Whale is a wai-m water fish. The " Right" Whale 
delights in cold water. An immense number of log-books of whale 
ships have been examined, with the view of detecting the parts of the 
ocean in which the Whales are to be found at difierent seasons of the 
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*' And I said. Oh that I had wings like a dove ! for then would I fly away, and be 
at rest. So, then would I wander iu off, and remain in the wiidemess."— Psauc It. 



year. In the coarse of these investigations, the discovery was made 
that the torrid zone is to the Right Whale of the Northern Hemisphere 
as a sea of fire, through which he cannot pass, and into which he never 
enters. The fact was also brought to light that the Right Whale of 
the Northern Hemisphere, and that of the Southern, are two different 
animals ; and that the Sperm Whale has never been known to double 
the Cape of Good Hope : he doubles Cape Horn. 

878. A few years ago, great numbers of Bonita and Albercore — 
tropical fish — following the Gulf Stream, entered the English Channel, 
and alarmed the fishermen of Cornwall and Devonshire by the havoc 
which they created among the Pilchards. Certain kinds of fish, much 
esteemed in Virginia and the Carolinas, when taken on the warm coral 
banks of the Bahamas lose their flavour, and are held in no esteem. A 
current of cold water from the south sweeps the shores of Chili, Pern, 
and Columbia, and reaches the Gallipagos Islands under the line. 
Throughout this whole distance the world does not afford a more 
excellent supply of fish. Yet out in the Pacific, at the Society Islands, 
where coral abounds, and the water preserves a higher temperature, 
the fish, though they vie in gorgeousness of colouring with the birds, 
plants, and insects of the tropics, are held in no esteem as an article of 
food. Sailors, even after long voyages, prefer their salt beef and pork 
to a meal of fish taken there. 

879. The few facts which we have bearing upon this subject, seem to 
suggest as a point of the inquiry to be made, whether the habitation 
of certain fish does not indicate the temperature of the water; and 
whether the cold and warm currents of the ocean do not constitute the 
great high-ways through which migratory fishes travel from one region 
to another. Why should not fish he as much the creatures of climate 
as plants, or as birds, or other animals of land, sea, or air ? Indeed, 
we know that some kinds of fish are only found in certain climates. 
In other words, they live where the temperature of the water ranges 
between certain degrees.* 

880. How do Changes in Physical Geography affect the 
Distribution of Animals ? 

The numbers and distribution of species are affected in 
two ways by changes in the physical geography of the 
earth. First, these changes promote or retard the migration 

* Lieut. Manry. 
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** As soon as they were come to land, they saw a fire of coals there, and fish laid 
Ihereon, and bread. Jesus saith unto them, Bring of the fish wliich ye have now 
caught."— John xzi. 



of species ; secondly, they alter the physical conditions of 
the localities which species inhabit, 

881. If the ocean should gradually wear its way through 
an isthmus, like that of Suez, it would open a passage for 
the intermixture of the aquatic tribes of two seas previously 
disjoined, and would, at the same time, close a free commu- 
nication which the terrestrial plants and animals of the two 
continents had before enjoyed. 

882. These would be, perhaps, the most important con- 
sequences, in regard to the distribution of species, which 
would result from the breach made by the sea in such a 
spot ; but there would be others of a distinct nature, such 
as the conversion of a certain tract of land, which formed 
the isthmus, into sea. This space, previously occupied by 
terrestrial plants and animals, would be immediately delivered 
over to the aquatic; a local revolution which might have 
happened in innumerable other parts of the globe, without 
being attended by any alteration in the blending together 
of species of two distinct regions. 

883. What is the Geographical Distribution of Reptiles f 
Of the great Lizards, those which inhabit the Ganges 

differ from those of America or the Nile. The Monitor 
of New Holland is specifically distinct from the Indian 
species, and these latter differ from the African, and all 
their congeners in the New World. 

884. So in regard to Snakes: we find the Boa of 
America represented by the Python, a different though 
nearly allied genus, in India. America is the country of 
the Rattlesnakes ; Africa of the Cerastes ; and Asia of the 
Hooded Snake, or Cobra di Capello.* 

885. With very few exceptions, all reptiles are ovipa- 

•Lyell. 



274 



THE BEASOX WHY 



** Look not tboa upon the wine when it is red, wlien it givbth kis colour in the 
cup, when it moveth itself aright. At the last it biteth like a serpent, and stingeth 
like an adder."— Fbovsbm zxii. 



rous, or produce their young from eggs ; they partake of 
both terrestrial and aquatic forms, and many are amphibious ; 
they all increase in numbers towards the Equator, and few 
live in the colder latitudes. The number of species of 
Eeptiles in the Torrid Zone is at least double that in the 
Temperate ; Australia has fewer than Europe ; and of all 
places in the whole world Java is perhaps richest in 
animals of this order. America possesses more than half 
of all the species known, the maximum being in Brazil^ 
but every one of them is peculiar to the New Continent* 

886. Whi/ are Serpents Confined to very Narrovr 
Oeographical Limits ? 

Their appointed position appears to be, like that of the 
monkeys, to keep in check the number of birds and verminy 

and for this reason they 
are confined chiefly to tro- 
pical countries. Their re- 
striction within narrow 
limits is provided for by 
their deprivation of loco-- 
motive organs. If crea- 
tures like the Boa and 
the Kattlesnake could 
spread themselves from 
the hot to the temperate 
latitudes, anddifiuse them- 
selves generally, they would prove serious pests and for- 
midable enemies to the more useful animals. 

887. The Bucephalus viridis climbs trees in search of 
birds' eggs, and is soon discovered by all the birds in the 
neighbourhood collecting and sounding an alarm. Tho 
&ngs of this species are not so much formed for injecting 
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" Behold I give unto you power to tread on serpents and scorpions, and over all the 
power of the enemy; and nothing shall by any means hurt you."— Lukb xx. 



poison on external objects, as for preventing the escape of 
any animal or bird of which they have got hold. 

888. The Dasypeltis tnoratus has small teeth, which 
allow the passage of thin-shelled eggs without breaking, 
till within the gullet, or about two inches behind the head. 
There they come in contact with the gular teeth, which 
crack the shells without the contents being spilled, as 
would happen if the front teeth were large. 

889. Whereever Mice abound in Africa, Serpents may 
be expected, for the latter prey upon the former. These 
reptiles excite none of that loathing which we expe- 
rience when sitting reading about them in England. Even 
the most venomous sorts bite only when put in bodily fear, 
or when trodden upon. 

890. Some of the Serpents are particularly venomous. One species 
'which we killed at Kolobeng continued to distil clear poison from 
the fangs for hours after its head was cut off. So copious is the supply 
that, when a number of dogs attack it, the first bitten dies almost 
instantaneously ; the second is about five minutes, the third is an hour 
or so, while the fourth may live several hours. This reptile makes 
great havoc in the cattle-pen. 

891. Some Snakes are eaten, such as the Python, of which the 
largest specimens are about fifteen or twenty feet in length. They 
live on small animals, chiefly the rodentia. * To man they are perfectly 
harmless. One which we shot through the spine was eleven feet ten 
inches long, and as thick as a man's leg. It was still capable of 
lifting itself up about five feet high, and opened its mouth in a threat- 
ening manner, but its ioclination was to crawl away. The flesh is 
much relished by the Bakalahari and Bushmen.* 

892. What part do Alligators, CrocodileSy ^c, fulfil in 
the Plan of Nature ? 

They are to a very great extent the scavengers of great 

* Dr. Livingstone. 
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** They return at evening : they make a noise like a dog. Behold, they belch oat 
irith their inouth ; sworda are in thehr lips."— Pbauc liz. 



water-courses, into which dead and putrifying animal bodies 
are washed or thrown. But for animals of this descrip- 
tion, the banks of great rivers, in the hot countries which 
they inhabit, would be more pestiferous and deadly than 
they now are. 

893. The great feasting time of the Alligator is during 
the floods, when, placing himself in the lakes formed in 

the woods, he awaits the 
arrival of animals, dead or 
^i^^^^^^^^^t^i^if I / alive, which, swept away 

ij,^ by the waters, are collected 
''^'^[^^^. in the eddies of these 
artificial lakes. Here he 
finds food in abundance — 
animals of all sorts, wild 
and tame, washed from the 
land ; birds, snakes, and 
ALLIGATOR. ^^^^ hvLm&n bodics, hurled 

over the rapids, and brought to this tranquil harvest ground 
of the devouring Alligator ; and for the six or eight weeks 
the feasting lasts, his jaws are perpetually' clashing upon 
the varied repast so abundantly brought to his appetite, 
till he becomes so fat and repleted, as to be able to go 
through the rest of the year with little more than an occa- 
sional snack. 

891. The number of Alligators in African rivers is 
prodigious, and they are more savage in South Africa 
than elsewhere. Children are frequently caiTied off by 
them ; for, notwithstanding the danger, they generally play 
at the river-side when they go down for water. Many 
calves are also lost, and it is seldom that a herd of cows 
swim across a river without some loss. 
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*' He sent divers sorts of flies among them, whicli devoured them ; and frogs, 
^'hich destroyed them. Ue gave also their increase unto the caterpiikr, and their 
labour unto the locust.**— Psauc Ixxviii. 



895. What is the Creographical Distribution of Insects? 

As almost all insects are winged, they can readily 
spread themselves wherever their progress is not opposed 
by uncongenial climates, or by seas, mountains, and other 
physical impediments ; and they are sometimes carried 
beyond these bounds by violent winds, which may in a 
few hours carry them to veiy considerable distances. 

896. All the insects brought from the eastern parts of 
Asia and China, whatever be their latitude or temperature, 
are distinct from 
those of Europe 
and of Africa. 
Although the in- 
sects of the United 
States often re- 
semble very nearly 
our own, they are, 
with very few ex- 

.^ PEACOCK BUTTBRPLY. 

ceptions, specific- 
ally distinguishable by some characters. In South America, 
the equinoctial lands of New Granada and Peru on the 
one side, and of Guiana on the other, contain for the most 
part distinct groups ; the Andes forming the division, and 
interposing a narrow line of severe cold between climates 
otherwise very similar.* 

897. Insects increase in kinds and in numbers from the Poles 
to the Equator; but the increase does not take place at the samo 
rate every where. The Polcir regions have very few specifically or 
individually; their numbers increase in Tasmania and New South 
Wales; they are still more abundant in Southern and Western Africa, 
Columbia, and in the phuns west of the Brazils ; North America has 

• I^rell. 
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*' He hath made eyerything beautifol in his time : also lie hath set the world in 
their heart, so that no man can find out the work that God maketh, from the 
beginning to the end."— Ecclesiastks ilL 



fewer species than Europe in the same latitude, and Asia has few 
varieties of species in proportion to its great extent; Caffi-aria, the 
African and Indian Islands, possess nearly the same number of 
species, but by far the richest of all, both in species and numbers, 
are those of Central and Intertropical America. 

898. Beetles are an exception to the law of increase towards the 
JEquator, as they are infinitely more numerous in species in the tem- 
perate regions of the northern hemisphere than in tropical countries. 

899. The location of insects depends upon those of the plants 
which yield tlieni food; and as almost each plant is peopled with 
inhabitants peculiar to itself, insects are distributed over the earth in 
the same manner as vegetables ; but it is extraordinary that, notwith- 
standing their powers of locomotion, insects often remain within a 
particular compass, though the plants, and all other circumstances 
in their immediate vicinity, appear equally favourable for their 
habitation,* 

* Mrs. Somerrille. 
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GEOGRAPHICAL DISTRIBUTION OF MAN; ANI> 
VARIETIES OF THE HUMAN SPECIES. 



900. What is the Leading Distinction between Man anct 
the Inferior Animals? 

Animals are bo7m what they are intended to remain. 
Nature has bestowed on them a certain rank, and limited 
the extent of their capacity by an impassable decree. 
Man she has empowered and obliged to become the 
artificer of his own rank in the scale of beings by the 
peculiar gift of improvable reason. 

901. There are writers who have taken an extraor- 
dinary pleasure in levelling the broad distinction which 
separates man from the brute creation. Misled to a 
false conclusion by the infinite variety of Nature's pro- 
ductions, they have described a chain of existence con- 
necting the vegetable with the animal world, and the 
diflerent orders of animals one with another, so as to 
rise by au almost imperceptible gradation to the lowest of 
the human race, and from these upwards to the most 
refined. 

902. But, if a comparison were to be drawn, it should 
be taken, not from the upright form, which is by no 
means confined to mankind, nor even from the vagua* 



280 THE BEASON TTUT 



**MAn doth not live by bread alone, but by every word that proceedeth out 
of the month of the Lord doth man lire.**— Dnrr. viiL 



term "reason," which cannot always be accurately sepa- 
rated from instinct, but from that power of progressive 
and improvable reason which is man's peculiar and exclusive 
endowment. It has been sometimes alleged, and may 
be founded in fact, that there is less difference between 
the highest brute animal and the lowest savage than 
between the savage and the most improved man. Bu^ 
in order to warrant the pretended analogy, it ought to 
be also true that this lowest savage is no more capable 
of improvement than the Chimpanzee or the Orang- 
outang.* « 

903. }Vhi/ are the Human Races more widely Distributed 
than any others? 

Because Man, although naturally formed to inhabit 
but one element, is yet enabled by his skill to traverse 
vast oceans, and by the peculiarity of his constitution to 
live in all climates which produce vegetation. In his 
natural state, ho is among the least qualified of living 
beings for making rapid transitions from one part of 
the earth to another, and yet he has peopled its entire 
surface. 

904. Man is anatomically formed for an upright position, 
admirably adapted to permit the free use of his two arms, 
to which are affixed hands of exquisite structure, as instru- 
ments that, directed by his mental power, give him a supe* 
riority over all the other inhabitants of the world, and 
(connected with his capacity of communicating idea's to his 
follows by the variations of sound, for which his organ of 
voice is consummately formed) place him at an immeasu- 
rable distance above the inferior animals. 

* Dr. Snn)ncr*s "Records of Creation.** 
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** Although aflUction cometh not forth of the dost, neither doth troable sprinf^ oat 
of the ground ; yet man ia bom unto trouble, as the sparks fly upward."— Job v. 



905. His constitution adapts itself to every climate, and 
he is found the same superior creature wherever he exists. 
Yet he is in himself a defenceless heing ; no other animal 
is so destitute of instinct; no other remains so long in a 
state of infantile weakness. His powers begin to develope 
when his reason and observation begin to act, and that 
only after years of maternal care. 

906. His brain is larger than that of any other animal, 
and his external sensations are more delicate and acute, as 
is demonstrated by the peculiar nicety of seeing, hearing, 
and smelling in the native Americans, and that of touch in 
all the race. His food consists of animal and vegetable 
productions of almost every description, but in general they 
must be cooked before they are employed. 

907. Like all other animals, man is affected by climate, 
food, and the nature of his occupations ; and, though vary- 
ing in colour and size, yet all are so similar as to indicate 
their origin from one primitive parentage, whether they 
inhabit aboriginal forests, or roam the treeless wastes of 
the Siberian deserts. 

908. Why 18 it Believed that all the Varieties of Man 
sprung from one Common Origin? 

Because the Scripture history of Man's formation is 
entirely confirmed by scientific investigations into the unity 
of his origin. We contemplate, among all the diversified 
tribes who are endowed with reason and speech, the same 
internal feelings, appetites, aversions ; the same inward 
convictions, the same sentiment of subjection to invisible 
powers, and, more or less fully developed, of accountability 
to unseen avengers of wrongs, and agents of retributive 
justice, from whose tribunal men cannot even by death 
escape. 
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*' Behold, happy is the man whom God correcteth ; therefore despise not thou 
4be chastening of tlie Almighty."— Job t. 



909. We find everywhere the same susceptibility, though 
not always in the same degree of forwardness or ripeness 
of improvement, of admitting the cultivation of these 
universal endowments, of opening the eyes of the mind 
to the more clear and luminous views which Christianity 
unfolds, of becoming moulded to the institutions of religion 
^nd of civilised life : in a word, the same inward mental 
culture is recognised in all the races of men. When we 
compare these facts with the observations which have been 
heretofore fully established, as to the specific instincts and 
separate physical endowments of all the distinct tribes 
of sentient beings in the universe, we are entitled to draw 
confidently the conclusion that all human races are of one 
species and one family,* 

910. A "fair-haired" native of Europe migrates with 
his family, and settles among the " woolly-haired " and 
swarthy inhabitants of Africa. Do his descendants in 
the lapse of a century, born under a scorching sun, 
Tjegin to assume any of the characteristics of the races 
that surround them ? Do their lips gradually become 
thick, their noses fiattened, and their complexions black ? 
Assuredly not; the supposition is refuted by experience 
to the contrary. 

911. Again, does an African diet, or a change of cos- 
tume, create any change in their form or their mental 
perceptions? are their national characteristics, in short, in 
any degree lost, so long as their race is preserved pure ? 
Let the Spaniards, settled for more than two centuries 
among the copper-coloured Indians of Mexico and Spain 
—the Dutch boors of Southern Africa — the descendants 

• Frichard. 
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" Knowest thou not this of old, since man was placed on the earth, That the- 
triumphing of the wicked is short, and the joy of the hypocrite but for & 
moment?"— Job xx. 



of the ivhites who first settled in the West Indies — 
above all, the Jews, now scattered " among every nation 
under heaven" — let these give answer to such questions. 
Such living testimonies, known to all, should at once- 
have dispelled the illusion which many writers have in- 
dulged in, that temperature, food, clothing, and other 
secondary influences were the chief causes of that 
extraordinary variation in the aspect of the humaa 
species, which the different nations of the earth exhibit, 
and which, so long as each race is preserved pure, is^ 
unchanging and unchangeable.* 

912. There are families of nations more readily sus- 
ceptible of culture, more highly civilized, more ennobled by 
mental cultivation than others, but not in themselves more 
noble. All are alike designed for freedom — for that freedom 
which in rude conditions of society belongs to individuals^ 
only, but, where states are formed and political institutions, 
enjoyed, belongs of right to the whole community. 

913. If we would point to an idea which all history 
throughout its course discloses, as ever establishing more- 
firmly and extending more widely its salutary empire— if 
there is one idea that contributes more than any other to the 
often contested but still more often misunderstood per- 
fectibility of the whole human species, it is the idea of our 
own common humanity y tending to remove hostile barriers 
which prejudices and partial views of every kind have raised 
between men, and to cause all mankind, without distinction, 
of religion, nation, or colour, to be regarded as one great 
fraternity, aspiring to one common aim — the free develop- 
ment of their moral faculties. This is the ultimate and 

* Swainson's *' Classiflcation of Animals.** 
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** )Ian that is born of woman is of a few days, and fiill of trouble. Ue cometli 
forth like a flower, and is cut down : he fleeth also as a sliadow, and continoeth not." 
•-Job xi7. 



highest object of society ; it is also the direction im- 
planted in man's nature, leading towards the indefinite 
expansion of his inner being.* 

914. What Causes the Different Complexions of the 
Varieties of Men f 

A variety of causes have to be considered ; the most 
important of them are — climate, organization, inter-marnage, 
and exceptional circumstances . The influence of climate 
is shown by the fact that even/ geographical zone is more 
or less marked hy a distinctive colour. Black prevails under 
the Equator, copper colour under the Tropics, olive and 
fair towards the Poles. 

915. The influence of organization is shown in many 
instances; the Moors, who have lived for ages under a 
burning sun, still have white children, and the oflTspring 
of Europeans in the Indies have the original tint of their 
progenitors. 

916. Different complexions are in some cases intermixed 
by immigrant races, and white and black people dwell 
together, and complexions are modified by the offspring of 
marriages between members of the different races. 

917. But it is further and most conclusively demon- 
strated by an examination of the skins of the darkly- 
coloured races, in which a secreted colouring matter is 
found. The skin is thicker and harder in black people 
than in white. The external skin of each is transparent 
and colourless. The colouring matter of the dark races 
lies in the rete mucosum or inner skin, and this colour is 
seen through the transparent true skin^ just as white people 
see the traces of their dark veins through the same cuticle. 
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918. The influences of inter-marriage are abundantly 
demonstrated by the fact that the union of black and 
white parents generally produces children of an inter- 
mediate character, which are called mulattoes; and the 
effect of exceptional circumstances may be found in the 
somewhat rare occurrence of the birth of piebald negroes, 
having their skins diversified with black and white spots, 
and part of their woolly hair white; of short parents 
producing very tall children, &c. 

919. As far as inquiries have extended at the present 
day, it appears that the tendency to form the colouring 
pigment cells of the skin is dependent in a great measure 
on the exposure of the skin to light. As a rule, it is 
found that where the sun's rays are most direct — where 
there is the greatest amount of light — the skins of 
human beings exhibit the greatest tendency to develope 
these cells. The darkest-shinned races are inhabitants of 
the Tropics. 

920. We find the influence of light upon organic beings 
is such, that it affects the constitution of bodies exposed 
to its action. In the vegetable world, the most brilliant 
colours, the most powerful scents, and the most poisonous 
secretions, are all produced under the agency of intense 
light. That exposure to light has an influence in the 
development of the colour of the skin, is also supported 
by the fact that the children of all dark races are born 
comparatively fair, and do not become black till they 
have been exposed to the light of the sun. 

921. The change of colour in the human skin, from expo- 
sure to sun and air, is well known to be temporary. The dis- 
colourations which we term "tanning" or being " sun-burnt," 
as well as the spots called " freckles " axe TaQ>^\» VsvssAkoNs^ 
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** Blesaed is the man whom Thou chooseat, and causest to approach unto Thee, 
that he may dwell in lliy courts : we shall be satisfied with the goodness of Thy 
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to fair skins, and disappear when the parts are covered, or 
no longer exposed to the sun. The children of a sunburnt 
husbandman, or of a sailor whose countenance bears the 
marks of hotter climes, are just as fair as those of the 
most delicate and pale inhabitants of a city. 

922. Wliy does the Physical Conformation of the Earth 
exert Moral Influences upon the Races of Men ? 

As the external form of continents in the varied and 
deeply indented outline of their coasts, exercises a bene- 
ficial influence on climate, trade, and the progress of civi- 
lization, so also, in the interior, the variations of form 
in the vertical direction, by mountains, hills, valleys, and 
elevated plains, have consequences no less important. 

923. Whatever causes diversity of form or feature on 
the surface of our planet — ^mountains, great lakes, grassy 
steppes, and even deserts surrounded by a coast-like 
margin of forest — impresses some peculiar mark or cha- 
racter on the social state of its inhabitants. 

924. Continuous ridges of lofty mountains coveredi 
with snow impede intercourse and traffic ; but where 
lowlands are interspersed with broken chains, and with' 
groups of more moderate elevation, vegetable and animall 
products are multiplied and varied, and different kinds) 
of cultivation, even under the same latitude, give*risef 
to different wants, which stimulate both the industry 
and the intercourse of the inhabitants. 

925. The Mongolian and Tartarian steppes, interrupted frequently 
by mountainous features, divide the very ancient ciyilization of Thibet 
and Hindostan from the rude nations of Northern Asia. They have 
in various ways exercised an important influence on the chang^ul 
destinies of man. They have compressed the population towards 
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** What man is he that liveth, and shall not see death? shall he deliver his soul 
from the hand of the grave."— PsAUi Ixxziz. 



the south, and have tended to impede the intercourse of nations, 
and to place permanent imits to the extension of milder manners, 
and of artistic and intellectual CHltivation, in Northern Asia. 

926. But, in the history of the past, it is not alone as an op- 
posing barrier that we must regard the plains of Central Asia : more 
than once they have proved the source from whence devastation 
has spread over distant lands. The pastoral nations of these steppes 
have shaken the world. A brown race of Turkish descent, dwelling 
in tents of skins, inhabited the elevated steppe of Gobi. Long 
terrible to the Chinese power, a part of this tribe was driven back 
into Central Asia. The shock thus given passed from nation to 
nation, until it reached the ancient land of the Finns, near the 
Ural Mountains. From thence various admixtures of Asiatic races 
broke forth; armies of Huns appeared successively on the Volga, 
in Pannonia, on the Marue, and on the Po, desolating those fair 
and fertile fields which civilized man had adorned with monument 
after monument. Thus went forth from the Mongolian deserts a 
deadly blast, which withered the tender long-cherished flower 
of art.* 

927. On the other hand, contact with the ocean has unquestion- 
ably exercised a beneficial influence on the cultivation of the intellect, 
and the formation of the character of many nations — on the mul- 
tiplication of those bonds which should unite the whole human 
race — on the first knowledge of the true form of the earth — and on 
the pursuit of astronomy and of all the mathematical and physical 
sciences. This beneficial influence, enjoyed by the dwellers on the 
Mediterranean and on the shores of South-western Asia, was long 
limited to them; but since the sixteenth century it has spread far 
and wide, extending to nations living in the interior of continents. 
Since Columbus was ''set to unbar the gates of the ocean," man 
has boldly adventured into intellectoal as well as geographical 
regions before unknown to him.* 

928. WJience originated the different Habits and Modes 
of Life for which Different Tribes are BemarJcable ? 

The physical features of a country determine not only 

* Hamboldt*8 ** Aspects.** f Cosmos. 
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*' As a bird that wandereth from her nest, so is a man that wandereth from 
his place.**— Proveubs xxvii. 



the movements and geographical distribution of races, 
but give distinctive characters to the aboriginals. The people 
who established themselves in the frozen regions of the 
north, not finding enough of vegetable nourishment, became 
hunters and fishers. Necessarily separated from each other 
for the pursuit of sustenance, they multiplied slowly, and 
civilization remained unknown among such people ; the arts 
are confined to the construction of huts, the preparation ot 
skins for covering, and to the manufacture of spears and 
other weapons. The inhabitants of the northern and east- 
ern parts of Siberia, and the savages of North America, are 
almost the only people who are now to be found in this 
primitive state. 

929. Those people who feed numerous herds of cattle, in 
localities where it was necessary to seek new pastures for 
their maintenance, necessarily adopted a wandering life. 

Travelling in numbers, 
they acquired ideas of 
property and of natural 
rights, and inequality of 
condition soon gave one 
man power over another. 
But the wandering life> 
in search of new pas- 
tures and more agree- 
able climates, kept them 
still within very narrow 
limits of civilization. 
The Laplanders in the 
North of Europe, the Tartars who inhabit the vast interior 
of Asia, the Bedouin Arabs who occupy the sands of 
Arabia and the North of Africa, and the Caffires and 
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Hottentots in Southern Africa, are the principal wandering 
tribes that now remain. 

930. In countries where the nature of the soil, and the 
value of the productions, rendered an abiding residence 
essential, people took to agriculture^ acquired property in 
land, developed themselves into classes or ranks, instituted 
laws, became less predatory and warlike; and when, in 
the division of labour and dutj, the functions of the 
civilian became separated from those of the soldier, the 
civil portion of society cultivated various improvements^ 
and assumed the habits of civilized men. 

931. From the earliest ages, and in the fulfilment of the curs& 
passed on Ishmael, the Arab has been an unsettled wanderer, a few 
only of them dwelling in cities; the great body of the people roaming 
in solitary or united families over the face of the land, pitching their 
tents where pasture and water afford subsistence for theur flocks, in 
whose number consist their wealth and comfort ; the camel, as well as 
being a beast of burthen, yielding to the Arab the greater part of hi* 
food, as well as clothes, and a coyering for his tent. 

932. The native Arabians, or, as they call themselves, Bedouins, or 
sons of the desert, are a remarkably clean, active, hardy, and hospitable 
race of men, passionately addicted to war, and following robbery as a 
profession. The men are slender, with black eyes and hair, full beards^ 
and deep swarthy complexions; the women are much fairer, possessing 
considerable grace, and when young are often very beautiful. 

933. The natives of Lapland are usually divided, first, into Laplanders 
proper, that portion of the primitive inhabitants who have preserved 
their manners, customs, and superstitions from commixture with other 
natives. These possess the most vnld, barren, and cheerless regions, 
namely, the glaciers and frozen mountains of Severnoi, and, drawing 
nearly all the requirements of life from their flocks of reindeer, have 
thus preserved their pastoral mode of life from age to ago in unbroken 
uniformity. They are supposed hardly to exceed 8000 in number, and, 
as they form the true type of the Lap, they may be described as of 
low stature, stout, straight, and of a yellowish com\)UiA»rcL) %A3L^-<^Q<Qft!^ 
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to be the result of a want of deanliness, and the nnoke of their fires, 
by which they usually sit when the toil of the day is over. They are 

divided into fishermen and 
moontaineers ; the one class 
living upon the spoil of their 
lines and nets ; the others, more 
wealthy and civilized, on the 
products of their herds; some 
of these mountaineers having 
as many as 600 and even 1000 
head of reindeer — the distinc- 
tive mark of power and opu- 
lence among them. The em- 
ployment of the men consists 
in fishing, building light canoes, 
making sledges, harness for the 
^ deer, and attending to the 
culinary department of the 
household. The women, who 
are somewhat shorter than the 
men, and often extremely well 
made, are employed in making 
nets, drying the fish and meat 
for winter stores, milking the 
reindeer^ making cheese, and 
tanning the hides of the slaughtered animals. Their work, however, 
does not stop here ; they are the tailors of the whole establishment, 
as well as their own dressmakers, and fill up occasional hoars with 
more laborious work. The other divisions of the people are a mixture 
of the native Laplanders and the people adjacent, and are more or 
less -modified examples of the primitive nation already described* 
These are the Norwegian, Swedish, Finnish, or Russian Laps. 

934. IVh^ do Uncivilized Tribes frequently become more 
Barbijraus upon their First Intercourse vnth Civilized Races? 

BocaasOy in many instances, they have been comqueredy 
<>pprtj^sedy and in most things cruelly treated. Tliiis they 
hare sunk into lower depths of demoralization, and have 
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learnt to hate their oppressors. This is remarkably cti- 
denced by the American Indians. On all Indian frontiers, 
from the above causes, there are two classes of Indian 
people, the one nearest to civilization, where they have be- 
come degraded and impoverished, their character changed, 
their worst passions inflamed, and jealousies excited by 
the abuses practised upon them. 

935. This explanation, we hope, applies rather to the past than 
the present, for a more humane policy is now enforced hy nearly 
all governments. But it is an important fact, which should not 
be overlooked as an argument against the opinion that man in his 
lowest state is akin to the brute. There are no people on earth 
more loving and kind to their friends and the poor than these 
Indians; and yet, like all savage races, they are correctly denomi- 
nated cruel — and what people are not so? There is an excuse for 
cruelty in savage Hfe. Personal rights have to be protected without 
the aid of laws; and for those ends each individual is looked upon 
as the avenger of his own wrongs ; and if he does not punish with 
cruelty and with certainty, there is no security to person or pro- 
perty. In the exercise of this right, the Indian not only uses a 
privilege, but does what the tribe compel him to do, or to be sub- 
jected to a disgrace which he cannot outlive; so that cruelty is at 
the same time a right and a duty, the law of the land. The '* Indian's 
cruelty and treachery in warfare" we hear much of; but cruelty 
and treachery in Indian and civilized warfare are much alike,* and 
of this the recent war in America has afforded many dreadful 
proofs. 

936. That a better policy is now pursued by the representatives 
of civilized governments engaged in exploring new countries, is 
matter for congratulation. In the Admiralty Instructions addressed 
to the late Mr. Consul Beecroft, respecting the expedition to the 
Biver Chadda, in Central Africa, of which ho was to become the 
leader, the following instructions, with others of like import, were 
given;— "The Pleiad behig armed with a 12-pounder pivot gun, 
four swivels, MiniS rifles and double-barrelled guns for the office^; 

« Catlin'a ** life amonK the American Indians.'* 
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muskets for the crew, and with boarding nettings of wire, it is not 
probable that she will meet with any opposition in the lower parts 
of the river where there may be danger. But you will remember 
that the best security from attack consists in the natives seeing 
and knowing you are well prepared to meet it. At the same time 
you are strictly enjoined to use the greatest forbearance towards 
the people, and, while retaining proper firmness in the e?ent of 
any misunderstanding, to endeayour to conciliate as fiur as can 
possibly be admitted with safety to your party. You will on all 
occasions enforce the strictest justice, and never, on any account, 
permit one of your party to Ul-treat, insult, or cheat the natives" 



937. What are the Principal Types of the Varieties 
of Mankind f 

They consist of— 1. The Caucasian. 2. The Mongo- 
lian. 3. The Ethiopian. 4. The American. 5. The 
Malay. 

938. Why is the First of these Types called the 
Caucasian f 

Because the tribe from which this great division of 
tlie human family descended have from the earliest ages 
been the occupants of the mountain chain of the Cau- 
casus, situate between the Caspian and Black Seas. 
The characteristics of this variety are, a white skin, 
either with a rosy tint or inclining to brown ; red cheeks ; 
hair black, or of the various lighter colours, abundant, 
and more or less curled or waving ; irides dark in those 
of brown skin — light blue, grey, or greenish in the /air 
or rosy-complexioned ; large cranium with small face, 
the upper front regions of the face well developed, and 
the face falling perpendicularly under them, oval and 
straight, the features well defined ; narrow and rather 
aquiline nose ; small mouth ; front teeth of both jaws 
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perpendicular ; lips, particularly the lower, gently turned 
out; chin full, rounded, and bearded. 

939. What are the Moral Characteristics of this Race ? 

In them the moral feelings and intellectual powers are 
most energetic, 
and susceptible 
of the highest 
development and 
culture. The in- 
fluence of this 
family of man- 
kind on the his- 
tory of the world 
has been much 
greater than that 
of either of the 
others. Although 
they form the 
principal part of 
the nations of 
Europe, they do 
not exclusively 
occupy this dis- 
trict, nor are they 
confined to it. Caucasian. 

940. The adoption and propagation of Christianity in 
a pure form has been mainly due to them. It became 
early identified with the civilization of Greece and Eome, 
and, passing from the nations where it obtained early 
triumphs, it has become in later days the especial inherit- 
ance of the great Anglo-Saxon race, which on both sides 
of the Atlantic is increasing with extraordinary rapidity, 
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and diffusiog throughout the world the spirit of industry,, 
commercial enterprise, and scientific discovery, which 
are the legitimate offspring of the undefiled religion of 
Christ.* 

941. A close investigation «of history will show that it is almost 
soldy the CaxicasUm races which have effected great revolutions^ 
and that these have taken place almost simultaneously with the in- 
creasing civilization of the former. The Caucasian races, — above all,. 
the Europeans,— have been aUe to transplant by degrees into their 
own homes the characteristic plants of other • nations. They ^have- 
fetched the finer kinds of fruit—the almond, the apricot, and the 
peach — from Asia Minor and Persia, the orange from China; they 
have transplanted rice and cotton to the coasts of the Mediterranean^, 
brought maize and the potatoe from America to Europe, where they 
now support millions of human beings, and have chiefly contributed 
to prevent £unine in the fidlures of crops which have taken place. 
These races have, moreover, been able, by their extensive industry 
and their commerce, to acquire possession of the products of foreign 
characteristic plants which will not thrive at home. They have pro- 
cured, partly even for daily necessities, the tea of the Chinese^ th& 
coffee of the Arabs, and the rice and cotton of the Hindoos. 

94*2. The influence of the Caucasian races, and especially of the- 
EuropeanSy in changing the distribution of characteristic plants, 
and promoting civilization, becomes far more evident when we look, 
to the colonies established in our own climates, where in some cases- 
the countries have passed wholly into the possession of a European. 
population ; for they have not only carried thtur own characteristic 
plants to the colonies, and those also which they had previously 
transplanted into their own homes, but they have, after acquiring 
couutries with different climatal conditions, transplanted into them 
such as would not flourish at home, and thus have found themselves^ 
in a position to collect the characteristic plants of almost every race 
around them. Thus have the European com plants acquired a 
widely-spreading cultivation thoughout North America, in Mexico 
ftnd the elevated countries of South America, in Chili and Buenoa 

* Dr. Lanksstcr. 
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Ayres, in the temperate parts of Australia and Van Biemen's Land ; 
thus the vine has become an object of cultivation in Madeira, the 
Canary Islands, South Africa, and the highlands of South America; 
thus rice and cotton are now grown in extraordinary quantities in 
the warmer parts of North America and in Brazil; thus have the 
coffee-tree ^d the sugar-cane been transplanted into the West 
Indies and Brazil; the nutmeg and the cloye into the Mauritius 
and Bourbon, and various West Indian islands ; and thus has the 
plantation of tea commenced in Brazil, in Java, and in India, and 
the cultivation of New Zealand flax in New Holland. 

943. The Europeans have even conveyed characteristic plants to 
other races which knew how to value them. They have transferred 
several European and Tropical plants into the South Sea Islands, 
which, previously unknown, are now cultivated by the natives. 
The remnants of the American population which are still found in 
the highlands of Peru, Chili, and Mexico, have acquired European 
plants ; in like manner the negroes of the west coast of Africa have 
received from the Europeans maize, tobacco, and other American 
plants. On the other hand, what other races have done to change 
the distribution of characteristic plants is very little : the Arabs 
■contributed to diffuse cotton, the sugar-cane, coffee, and the date 
palm ; but the Arabs belong to the same primary race as the 
Caucasians. The Chinese appear to have procured cotton from 
Hindostan, and the Japanese the tea shrub from China. 

944. The Europeans, and above all the North Europeans, conse- 
quently, are those who, both in their own home and in their colonies, 
liave been able to acquire the greater quantity of characteristic 
plants of other races, while their own country, specially the 
North of Europe, is so very poor in characteristic plants, for all the 
important cultivated plants of Northern Europe have been intro- 
duced (cabbage, turnips, carrots, and asparagus, which are perhaps 
indigenous, are among the less essential). We find in this a great 
proof of the intellectual superiority of these races, and we have 
here an example that the child of the poor man, gifted with great 
natural powers, industry, and activity, has far more power over 
prosperity than the rich heir.* 

* Schow. 
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945. What are the Suhdwisions or Varieties of the 
Caucasians ? 

They are the Circassian, or true Gaucasiaa ; the Syro- 
Arabian, Hindoo, Celtic, Grecian, Italian, German, Scla- 
vonic, &c., and Gipsies originally from the banks of the 
Indus, from whence they wandered over Europe. All 
the ancient and modern Europeans, except Laplanders, 
and the rest of the Finnish race, belong to these divisions. 

946. The province of the true Caucasians lies upon the 
Caucasian Mountains, between the Black and the Caspian 
Seas. Though the numerous valleys and plains lying 
within the Mountain range of the Caucasus are extremely 
fertile, and produce abundant crops of grain, the great 
weal til of the people is derived from their fine breed of horses 
and immense herds of cattle. The inhabitants, who number 
about 225,000 are a hardy, brave, and generous race, while 
the women have for ages been regarded as the types of 
female beauty, and on this account have been reared with 
the ostensible object of being sold to Turkish or PersiMi 
masters. The men chiefly employ their time in war and 
plunder; when these excitements are wanting, they take 
to hunting and fetistiug. 

947. The Syrian influence, as an element of civilisatioiiy 
liasi pix>lMibly been undervalued. It was through the Sjriac 
that two contiguous nations received much of their know- 
UHlgi> of what was to be learned from Greece — the Arme- 
uian Mul the Arabian.^ 

94^ The Babvlouians^ Chaldees, and Assyrians, though 
\\i1i^rii\^ among themseh>?s» were evidently all of one 
liWttUy, and cauK\ like the Arahs^ oiiginallT from the high- 
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lands of the East. They were, moreover, advanced in 
•civilization, had solar and astronomical religions, with 
legends of Fish-men legislators, whose persons and doc- 
trines revealed reminiscences of a deluge, though distorted 
into Indian forms. In their record the first dispersion of 
mankind was transposed 
from the high table-land 
of Asia to the new centre 
of their own locality. Ee- 
garded as a race, these 
people were unquestionably 
pure Caucasians, of the 
black-haired tribes, and so 
closely allied to the sub- 
sequent Persians that no 
distinction can be made 
between them, as they are 
represented in the bas- 
reliefs of Persepolis, and 
those of Nineveh, lately 
brought to light. The 
Syrians and Babylonian* 
were among the first syrian. 

builders of cities, and the first organisers of empires. 
They influenced early civilization more through art, 
politics, and commerce than morally. 

949. The city of Damascus is one of their most ancient 
foundations, and perhaps the oldest city in the world. 
Damascus, as we learn from Holy Writ, was in existence at 
the time of Abraham ; and in the time of David it had 
become a place of very great importance. The city^ IUsa 
most Oriental towns, contains a yast. liMTc^ec o^ \$\si'5.^5^^'^ 
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whicb, with their domes and minarets rising above the* 
groves of date, olive, and cypress tress, impart a peculiarly 
beautiful appearance to the city. The church of John the 
Baptist, now converted into a mosque ; the house of 
Ananias, and that of Judas, with whom Paul lodged, are 
still shown, and regarded as objects of great interest and 
curiosity. 

950. The Hindoos are divided into four castes or orders,, 
out of which it is impossible for any one to pass, unless to 
a lower ; when, having lost his social and religious status, 
the man becomes a wretched outcast, the most degraded of 
society. There are among them many tribes, such as the- 
Parsees, or descendants of the Persian fire-worshippers;. 
Armenians, Jews, and Buddhists. The four castes are- 
those of the Brahmins, the priests, and the most exalted 
order; the Rajpoots, or princes and military order; the- 
Yaisyas, the merchant, and the trading class; and the 
common Tanks of the people, called the Sudras. Tho 
Pariahs are outcasts who have offended against society^ 
and are disowned by all the established castes. 

951. The Celtic tribes populate the areas of Brittany, 
Wales, the Highlands of Scotland, the Isle of Man, 
England and Ii*eland, and are allied to the Groths, dis* 
tributcd through Germany and Scandinavia, Switzerland, 
Holland, Belgium, Great Britain and Ireland, the United 
States of America, Canada, &c. 

952. WIiT/ is the Second Human Type called Mongolian f 

From the vast region of Mongolia, over which they are- 
generally spread. Their greatest development is on the 
continent of Asia, although even there they are not the 
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** I know that, wfaatsoorer God doeth, it shall be for ever; nothing can be pnt 
to it, nor anythinic taken from it : and Qod doeth ic, that men ahoold fear before him."- 
— EcGLBSLAaras iii. 



entire possessors of the earth. The Persians of Northern 
and Western Persia, the Kurds, the A%hans, and others, 
must be regarded 
^s belonging to the 
Caucasians. On 
the other hand, 
the Lapps and 
Finns of Scandina- 
via, the Magyars 
of Hungary, the 
Turks of Turkey, 
and others, belong 
to the Mongolians. 

953. They are 
characterised by 
an olive colour, 
which in many 
<;ases is very light; 
black eyes; black, 
straight, strong, 
and thin hair; little or no beard; head of square form, 
with low small forehead; broad and flattened face, with 
features running together; nose small and flat; cheeks 
projecting; eyes placed very obliquely; slight projection 
of the chin ; with the ears large, and lips thick. Their 
stature, particularly in countries within the Arctic Circle, 
is inferior to that of Europeans. 

954. What are the Subdivisions of this Type ? 

They are the true Mongols, the Tibetans, Chinese, 
Burmese, Siamese, Samoeids, Yeneiseians, Finns, Lapps, 
Esquimaux, Turks, &c. These tribes occupy Central and 
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" Tlie noise of a multitude in the mountains, like as of a great people ; a tumultnoos 
noise of kiuftdoms of nations gathered togetlier ; the Lord of Hosts moateretix the- 
host of the battle.'*— Isaiah xii. 



Northern Asia, the Asiatic Islands, and the Arctic coasts 
of Asia and America. 

955. Mongolia is a vast country lying in the interior of 
Asia, between 38^ and 35° north latitude, and 84*^ and 124^ 

east longitude, having an 
extreme length of 1700 
miles, by a breadth north 
and south of 1000, with an 
area estimated at 1,250,000 
square miles. This immense 
region is bounded on the 
north by Siberia, on the 
south by China Proper, 
east by Chinese Tartary, 
and west by Independent 
Tartary. The central part 
ll." is occupied by the great 
tX:. sandy desert known as the 
Great Gobi, a region of 
barren soil, 1200 miles long 
by 600 wide, dotted here 
and there by fertile oases. With the exception of the 
Great Gobi, the remainder of the country is high table-land, 
and 3000 feet over the sea level, stretching out in vast 
plains, suiTounded by low ranges of mountains on its 
northern boundary; from this physical character, the 
climate of the country is often rigorous, and even colder 
than Siberia. 

956. The most fertile portion of Mongolia is the whole 
north-western belt of the Great Gobi, through which the 
caravan-road runs from Siberia to China, and from which 
rise the chief rivers of the country, the S(;lenga, Kerlan^ 
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** Let him that glorieth glory in this, that he tinderstandeth and knoweth me, that 
I am the Lord which exerdae loving Idndness, Judgment, and righteonsneu in tho 
earth : for in these thhigs I delight, saith the Lord."— jBamoAH ix. 



and Onon. This district forms a separate government of 
the Chinese Empire, the governor residing at Urga, the 
principal of the very few towns in the country; near 
to Urga resides the Kootookhtu, or high-priest of the 
Buddhists. 

957. The population of Urga is about 8000, but fully 5000 of these 
are Lamas, or priest-attendants on the great head of their faith. The 
Mongols themselyes seldom inhabit either towns or villages, but lead a 
nomadic life, passing the summer on the banks of rivers where there is 
abundant pasturage for their flocks, and spending the winter at the base 
of some tall hill or mountain range that affords them protection from 
the severe winds. The wealth of the natives consists in their numerous 
flocks and herds of sheep, camels, and horses. The wild animals are 
antelopes, wild asses, deer, hares, foxes, squirrels, sables, and marmots. 

958. The Mongols are generally satisfied with such food as their 
flocks supply, and seldom seek for variety, or trouble themselves to 
cultitate the soil. In summer they live almost entirely on milk, using 
without distinction that of the sheep, camel, mare, cow, or goat. Their 
ordinary drink is warm water, in which they infuse an inferior tea, 
with which they mix either cream, milk, or butter. • They use also a 
spirituous liquor distilled from sour mare's-milk. The skins of sheep, 
with the wool turned inwards, are used for garments by both sexes. 
The people are said to be of dirty habits, but are open, generous, and 
brave. Their chief pride is to excel in handling the bow and arroWy in 
martial exercises, riding, and hunting wild animals. 

959. What is the Religion of the true Mongols? 

They are Buddhists: for their Lamas or priests they 
have the most blind superstition, and attribute to them 
the most miraculous powers. 

960. But the subdivisions include Hindoos, Mussul- 
men, and Europeans. Of the first, the proportion of the 
population is four to one Mahomedans. Besides these 
three orders, there are many tribes, such as the Parsees, or 
descendants of the Persian fire-worshippers, Armenians, 
Jews, &c. The religion of the Hindoos is named, from the 
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■* Learn to do well ; seek Jadsjnentk reUere the opprened. Judge tbo fiUherlas, 
plead lor tbe widow."— Isaiah i. 



cliief god Brahma, Brabminism. Nine-tenths of the 
population of Hindoostan follow this form of worship, 
which acknowledges more than 300,000 inferior deities. 
Self-torture and immolation are permitted; thousands of 
victims being annually crushed to death beneath the wheels 
of the car of Juggernaut, or yoluntarilj sacrificing them- 
selves in the holy rivers. 

961. . What are the Moral CJiaractetisttcs of the Mongolians? 

Their characteristics and influence may be regarded as 

rather material than moral. 
They undoubtedly form by 
far the larger portion of 
the human race, and oc- 
cupy a considerable space 
in the history of the world. 
They have by the sword 
established some of the 
largest empires that the 
world has seen, of which 
China is an example. Their 
^^ empires have, however, 
Hr^^i crumbled to pieces, and 
left no deep impression 
on the world, and those 
that exist appear destined 
to give way to the pro- 
gress of European and American civilization. 

262. The Japanese afford a good example of the great Mongol- 
Tartar famay ; they are distinguished, like other branches of the same 
stock, by a broad skull, high cheek-bones, small black eyes obUquely 
set, long black hair, and a yellow or sallow complexion. Their chief 
moral characteristics are skill, perseverance, courage, and frankness. 




JAPANESE LADY. 



PHYSICAL GEOGBAPHT, AND GEOLOGY. 



303 



" Great in counsel, and mij^hty in xrork : for Thine eyes are open npon all the 
yrays of the sons of men : to gire every one acc<M:ding to his ways, and acconding to the 
fruit of his doings."— Jeremiah zxxiL 



much good humour, courtesy, and natural politeness. Their established 
or state religion is that of Buddha ; their language is polysyllabic, and 
has an alphabet of forty-seven letters, which are written in four 
different forms, one of which is used ezclusirely by men, and another 
by women. 

963. The original paganism of Japan is thus described. Their 
gods were not esteemed eternal. The first five gods originated at the 
separation of tlie elements in 

which the world began. A 
bud expanded itself between 
heaven and earth, and produced 
KainisokO'tatginO'mi'koto, the 
maker of the dry land," who 
governed the world, as yet 
without form, during an incal- 
culable space of time, which 
was more than a hundred thou- 
sand millions of years. This 
Kami had many successors, 
whose reigns were nearly as 
long. Their temples are still 
places of worship in Oomi and 
Ise, districts of Japan. There 
are seven dynasties of celestial 
gods. The last, Tza-na-gi, 
standing on a bridge that floated 
between heaven and earth, said 
to his wife, **Come on; there Japanese gentleman. 

must be some habitable land ; let us try to find it." He dipped his 
•spear, ornamented with precious stones, into the surrounding waters, 
and agitated the waves ; the drops which fell from his spear, when he 
raised it, thickened and formed an island, named Ono-koro-sina. 

964. On this island Tza-na-gi and his wife descended, and made the 
other provinces of the Japanese Empire. From them descended the 
five dynasties, or reigns of earthly gods. From the last of these origi- 
nated Tln-me-teu-mco, the ruler of men, who founded the Empire of 
Japan, and conquered tiie aboriginal tribes. From Tin-moo's reign is 
dated the first year of the epoch of Japanese chronology, B.C. 660. 
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** Behold all aonla are mine ; as the bouI of the father, so also the soul of the 
■on is mine ; the soul that sinneth, it shall die."— Ezekiel xviii. 



Such Is the ''Creation" of the Japanese. Their highest adoration is 
given to the Deity of the Sun ; to him are subordinate all the genii and 
demons which govern the elements, and all the operations of nature, as 
well as the souls of men, who after death go to the gods, or to an 
Infernal place of punishment, according to their actions on earth. 
Sacred festivals are held at certain seasons of the year, and at changes 
of the moon. The whole number of Eamis or gods worshipped by 
the Japanese amounts to three thousand one hundred and thirty-two. 
These gods are worshipped in different temples, without idols. 

965. What are the Five Great Nomadic Races f 

They are the Ugorian, the Turkish^ the Mongoliaiiy the 
Tungusiauy and the Bhotiya, These various races Lave 
wandered over contiguous regions from immemorial times ; 
they are nearly on a level in regard to their social state 
and progress in the arts of life; their moral charac- 
teristics, manners, and habitudes, are similiar; their 
religion and superstitions were in early times the same. 
Their languages display a family relationship. 

966. Though two of their princes, a Turkish and a Mongolian 
Khan, have compiled the history of the Turkish and Mongolian races, 
and claim to have traced them from the creation of the world, it 
cannot be said with truth that the nomadic people of Central Asia 
possess any memorials of their origin. Their principal historians — 
the one a Mussulman, the other a worshipper of Buddha— connect 
the origin of their respective races, the first, after the manner of all 
Mohamedan wi'iters, with the particulars of the Old Testament, the 
other with the incarnate gods, or divine sages of India, celebrated 
in the fables of Buddhism. It is, however, remarkable that some 
extensively spread traditions, which are more or less interwoven in 
all their accounts, and have been collected from very distant times 
and places, seem to display an obscure reminiscence of the arrival of 
some fugitive bands from a remote region, who, having been saved 
from destruction by flight into the wilderness, became in progprests of 
time the patriarchs of the nomadic tribes.* 

* Prichard. 
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**When the wicked man tarneth away from his wickedness that he hath 
committed, and doeth that which is lawful and right, he shall save his soul 
aUve."— EzfiKiEL xriii. 



967. Why is the Third Type denominated Ethiopian? 

Because the primitive tribes were the occupants of 
Ethiopia (the ancient name of Africa), or the country of 
the dark-skinned. The Ethiopian embraces the African 
central tribes, and their varieties, the Negroes of Western 
Africa, and the Kaffirs of the South. 

968. The Central Africans are marked by an elongated 
nan'ow cranium, crisp and curly hair, projecting jaws, 
thick lips, and black or dusky skin. 

969. In the Negro the skull is narrow, or compressed 
at the sides, and elongated from front to back, the dome 
arched and dense, 
the forehead con- 
vex, retreating, 
and narrow ; the 
cheek-bones pro- 
ject forward; the 
bridge of the nose 
is small and Rat, 
the nostrils round 
and wide ; the 
mouth wide with 
thick lips ; the 
hair crisp, woolly, 
scanty on the up- 
per lip, and the 
beard chiefly con- 
fined to the point negro. 

of the chin; feet broad and heavy, and the soles flat. 

970. In the Kaffir the cranium rises higher, and is more 
rounded than in the Negro ; the cheek-bones proiect^ \kjL^ 
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** How doth the dty sit soUtaiy that was fall of people I how Is she become as » 
widow! she tliat was great among nations, and princess among proTinoes, how Is she 
become tributary r'—LAXcsnT. L 



eyes are small and dark, the eyelids occasionallj oblique^ 
the face tapers towards the chlD, and the jaws are much 
less prominent than those of the Negro. 

971. Among Ihe races of Africa we find the extremes^ 
of human stature and development. We may instance- 
tho Hottentots, amongst whom four feet is the average 
height of the female, and four and a half feet that of the 
male. The Bushmen are even of smaller stature. But 
the Kaffirs are a strong and powerful race. 

972. What are the moral characteristics of the Ethiopians f 
Of the inhabitants of Africa the first and lowest in the 

scale of human knowledge and physical configuration is 
the Hottentot^ inhabiting the southern extremity of the 
continent; the next, and far above him, is the Kaffir^ 
extending his dominion from Natal probably as far as 
the Tropics ; and the Negro, whose natural limits seem to 
be from Senegal to 16^ south of the Equator. 

973. One of the most important and interesting facts 
established by Messrs. Speke and Grant during their recent 
African explorations, is that the Ethiopians everywhere 
become attached and faithful servants, wherever they 
find just and humane masters. Among the European 
settlements the tenets of the several churches are practised 
with becoming sincerity, but among the native tribes the 
religion is only a rude incantation. 

974. If we trace the interyening countries between Egypt and 
Senegambia, and carefully note the physical qualities of the inhabitants, 
we shall have no difficulty in recognising almost every degree or 
stage of deviation necessarily displayed, and showing a gradual 
transition from the characters of the Egyptian to those of the 
Negro, without any broadly-marked line of abrupt separation. The 
characteristic type of one division of the human species here passea 
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"There is no man that hath power over the spirit to retahi the spirit; neither 
hath he power in the day of death : and there is no discharire in that war ; neither 
«Uall wickedness deliver those that are given to it.'*— Eoclesiastes viU. 



into another, and that by almost imperceptible degrees. This gradual 
•change is not the result of intermixtures of races on the confines of 
regions of old allotted to each other separately. The intermediate 
tribes are not Mulattoes, nor do they resemble them ; they h&re each 
their distinguishing features, which, besides their distinct languages; 
mark them as separate and peculiar races. 

975. What are the Eastern Nubians? 

They are a people of the Ethiopian type^ wanderiDg in- 
liabitants of the country between the Nile and the Ked Sea. 
The northern division of this race spread northwfird in 
the Eastern desert as far as Kosseir, and towards the parallel 
of Deir, bordering on the Bishari. The Bishari reach thence 
towards the confines of Abyssinia. The Mountain of Ofia 
is their chief seat. The Hadharebe are still further south- 
ward, and reach to Soakin, on the Red Sea. The country 
of the latter contained many Christian churches or religious 
•establishments prior to the devastation of Northern Africa 
by the apostles of Islam. The present Bishari are ex- 
tremely savage and inhospitable ; they are said to drink the 
warm blood of living animals ; they live on flesh and milk. 

976. What are the Berherines? 

They are the Nubians of the Nile, a people well known in 
Egypt, whither they resort as labourers, from the higher 
country of the Nile. They derive their name from the 
valley which they inhabit. They are a people distinct from 
the Arabs and all the surrounding nations. They inhabit 
the banks of the Nile, and wherever they can find a soil 
they plant date-trees, and cultivate various plants. At 
Cairo, whither many of them resort, they are prized for 
their honesty. 

977. The native Nubians are of many shades of colour, from 
intense black to reddish brown. In temperament they are bold, frank. 
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** Wisdom b better than weftpoos of war: bat 
good.*— Eccumans ix. 
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and cheerful, and more simple in their costoms and incormpt hi their 

manners than their veighbonis 
in the countries sonthy emst, or 
west of them. Tl^ dress of 
the better classes consists of a 
rest without sleeves, their heads 
are uncovered, and their feet 
are bare. The conunon people 
wrap a piece of cloth about 
k their middle, or wear a short 
kirtle, but their chiefs adopt a 
flowing mantle of cotton reach- 
ing to the feet. The grain on 
which they chiefly live is a kind 
of millet. Their habitations are 
low, with earth walls, rooied 
with reeds, and almost always 
erected under date-trees. They 
avoid living in large conununi- 
ties. Their religion is in many 
places Mahommedan, in many others idolatrous, and, in some few 
which have been the scene of missionary labours. Christian. 

978. What are the Abyssiniansf 

They are a finely-formed people, inhabiting the highlands 
of Abyssynia, and, although reckoned among the black 
races, are divided into types allied to both the Ethiopian and 
the European^ the latter having features preciselj re- 
sembling those of the Bedouins of Arabia. The female 
Abyssinians are said to be the most beautiful of all black 
women, 

979. What are the Bace of Galla? 

They are a people extensively spread in Eastern inter- 
tropical Africa, who have become very formidable by their 
numbers during the last century, and threaten to over- 
whelm the Abyssinian Empire. In their bodily conforma- 
tion they hold an intermediate place between the Arabian and 
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*' Sow to yourselves in righteousness, reap in mercy ; break up your fallow ground : 
for it is time to seek the Lord, till he come and rain righteousness upon you." — 

HOSEA X. 



the Negro. They are a wild and barbarous people, princi- 
pally wandering herdsmen. The extent of their country is 
unknown. They consist of numerous tribes that are inde- 
pendent of each other, but united by a common origin 
and language. Female government, according to ancient 
Ethiopian custom, exists among them, some of theu: tribes 
being ruled by women of warlike spirit. 

980. Their religion resembles that of the Kaffirs. They worship a 
Supreme Being, termed by them Wak, whose priests go about carrying 
a whip and bell with them, and with the intestines of goats twisted 
round their necks, making strange gestures, and uttering unintelligible 
sounds. Like the Ghamanists of the Siberians, and the consecrated 
orders of more illustrious nations, they are wizards, conjurors, gain- 
sayers, augurs, haruspices, and physicians. Like the ancient Greeks, 
Etruscans, and Romans, they divine by inspecting the entrails of 
goats. Occasionally they pray to Wak, and accept from him the 
accomplishment of their benedictions and anathemas. They have no 
distinct idea what Wak is, but to his priests he reveals himself in 
dreams. Their oaths are thus sworn : — they sit down upon a pit covered 
with a hide, and imprecate upon themselves that, if they do not perform 
their vows, they may fall into such a pit. They have funeral cere- 
monies, and believe in a future state, which is one of moral retribution. 
Their occupations are agriculture, as well as pasturage.* 

981. What are the Soudaman Hacesf 

They are the nations of blacks inhabiting the interior of 
Africa. The inhabitants of Africa are not all negroes : the 
latter term expresses an ideal type already described. In 
the nations of the interior of Africa, the features of the 
negroes of Guinea are scarcely to be recognised. The 
people who inhabit the interior of Africa have their heads 
covered with long woolly, or rather bristly hair; they wear 
rings of bone around their arms, and in their eyes ; and 
around their necks they wear chains formed of the teeth 
of enemies they have slain in battle ; they wear also teeth 

• Isenberg. 
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•* The Lord is »low to antrer, and great in power, and will not at all acqnit 
the wicked : the Lord hath his way in the whklwind and in the atorm, and the ckmda 
4ire the dust of liis feet."— Xahcm i. 



«nd pieces of bone, attached to locks of their hair ; mark 
their bodies with patches of red colour, and stain their 
teeth. The physical characters of the people differ con- 
siderably. The Bomawi are more like the ideal Negro 
than the natives of Haiisa, the latter being very handsome, 
possessing open and noble countenances, prominent noses, 
.and expressive black eyes, 

982. Wliat are the Senegamhian Nations? 

The Senegambians are the nations that populate tthat 

part of Africa which contains the rivers Senegal and Gambia. 

The valleys of these rivers form the native land of the most 

j)owcrful, numerous, and intelligent of the Africans. The 

Senegambian nations are 
divided into the Mandin* 
gos, the TolopSy and the 
Fulahs. The first are re- 
markable for their indus- 
try, and have greater en- 
ergy of character than 
other intertropical races. 
They are zealous disciples 
of Islam, and remarkable 
for their abstinence from 
intoxicating liquors. The 
Tolops are a people of 
mild social character, and 
are described as remark- 
ably beautiful, their fea- 
tures resembling those of 
Europeans, except that their lips are rather thick. 

983. The Fulahs inhabit the border of Senegambia, 
^bout the sources of the Rio Grande, a vast slope which 
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« Who is the wise man ? and who knoweth the interpretation of a thing? a man'a 
^om maketh jus iaco to ahrne, and the boldness of his face shaU be changed."— 



looks towards the setting sun, and is cooled by the highef- 
currents flowing from the Atlantic. They constitute one- 
of the most remarkable nations in Africa. Tirabri, their 
capital, is, like ancient Rome, a military station, or centre of 
conquests. Its population numbers about 9000. This city 
is surrounded in part by dry and rocky deserts, and partly 
by mountain pastures, which feed numerous flocks of sheep 
and goats, and herds of oxen and horses, unknown in the, 
lower regions. The inhabitants of this Alpine country,, 
who difier physically from the natives of the lower region,, 
cultivate their soil with industry. They forge iron and 
silver, work skilfully in leather and wood, and fabricato 
cloth. They have clean and commodious dwellings, and 
have had mosques and schools in their towns, since Islam, 
was introduced among them, 

984. What are the Saabian Races ^ 

The Hottentots and Bushmen have among themselves this 
national appellation. South 
Africa, the region which 
they inhabit, abounds in 
beautiful heaths, aloes, eu- 
phorbias, and innumerable 
flowering shrubs, which 
strikingly resemble the 
botany of Tasmania. The 
original Hottentots were 
herdsmen, and, clothed in 
sheepskins, they followed 
their flocks, roaming from 
place to place, and beguil- 
ing their movements with 
a monotonoifs but plaintive song. 
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** Speuk ye every man the truth to bis neighboar ; execute the Judjcment of truth 
and peace in your gates : and let none of you imagine eril in your hearts against liis 
neighbour ; and lore no false oath : fbr all these are things that I hate, saith the Lord." 

— ZSCUABIAH TiU. 



in their herds, and in the simple utensils which they 
carried upon their pack-oxen, and their temporary dwellings 
were composed of the boughs of trees and mats. Other 
tribes, less fortunate than the first, lived wholly in the 
woods, upon the scanty sustenance which chance brought 
within their grasp. Without cattle, their only art was 
that of shooting with poisoned arrows animals which 
they could not surprise by their natural craft, and their 
almost supernatural quickness in the chase.* 

985. The Bushmen were the outcasts of the more quiet 
and inactive herdsmen. They were robbers — their hand 
was against every man, and they sufiered reciprocally the 
injuries which they inflicted. Their descendants are of 
small stature and dirty yellow colour ; their countenances 
repulsive ; a prominent forehead, small deeply-seated 
and roguish eyes, a much depressed nose, and thick 
projecting lips are their characteristic features. Their 
constitution is so much injured by their dissolute habits, 
and the constant smoking of durha, that both old and 
young look "Nvrinkled and decrepid; nevertheless they 
are fond of ornament, and decorate their ears, arms, and 
legs with beads, iron, copper, or brass rings ; the women 
also stain their faces red, or paint them wholly or in part 
Their only clothing, by day or night, is a mantle of 
sheepskin thrown over their bodies, which they teim a 
kaross. The dwelling of the Bushman is a low hut or 
circular cavity on the open plain, into which he creeps 
at night with his wife and children, and which, though 
it shelters him from the wind, leaves him exposed to the 
rain. They had foimerly their habitation among the 

* Prichard. 
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rocks, in which may still be seen rude figures of horses, 
oxen, or serpents.* 

986. Associated with the Bushmen, Dr. Livingstone found a tribe 
of Bakalahai'i. The former, he says, are probably the aborigines of 
the Southern portion of the continent, the latter the remnants of the 
first emigration of Bechunas. The Bushmen liye in the desei*t from 
choice, the Bakalahari irom compulsion, and both possess an intense 
love of liberty. The Bushmen are distinct in language, race, habits, 
and appearance, and are the only real nomads in the country. They 
never cultivate the soil, nor rear any animal, save wretched dogs. 
They are intimately acquainted with the habits of the game, and 
chiefly subsist upon their flesh, eked out by the roots and beans 
and fruit of the desert. Those who inhabit the hot sandy plains 
have generally thin wiry forms, and are capable of great exertion 
and of severe privations. Many are of low stature, though not 
dwarfish. The specimens brought to Europe have been selected, 
like costermongers' dogs, on account of their extreme ugliness, f 

987. What are the Kaffirs? 

They are the warlike nomadic tribes who inhabit or 
wander in the plains of Southern Africa. The name was 
first given to them by the Arab voyagers, who so termed 
all savage nations, and all nations unconverted to Islam; 
from the Arabs it was adopted by the Portuguese and 
Dutch, and at last became a general appellation. The 
Dutch used this name in a vague sense, applying it to 
nearly all the uncivilized nations of South Africa. In 
later times the eastern people have been termed Kaffirs, 
to the exclusion of the Hottentots.J 

988. The Koffira are a tall, well-formed people, having regular 
features and well-developed foreheads, with skins varying from black 
to copper colour, and crisp woolly hair like that of the negro. They 
are, upon the whole, a very superior people to the destitute savages 

* Adolph Bonatz. 

t Slissionary Travels and Researches in South Africa. 

i Prichard. 
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" And many of them that sleep in the eartli shall awake, some to ererlasting life» 
and some to shame and everlasting contempt.**^DAHi£L xii. 




OKIQUAS ANO BBCHUVAS. 



territory, inhabited by Griquas and Bechunas. By Griquas is meant any 
mixed race sprung from natives and Europeans. These -were of Dutch 
extraction, through association 
with Hottentots and Bush- 
women. Half-castes of the first 
generation consider themselves 
superior to those of the second, 
and all possess in some degpree 
the characteristics of both 
parents. Many hundreds of 
both Griquans and Bechunas 
have become Christians, and 
partially civilized, through the 
teaching of English mission- 
aries. My first impression was 
that the accounts of the effect 
which the Gospel had had upon 
them were too highly coloured. 
When, however, I passed on to 
true heathens in countries beyond the sphere of missionary influence, 
I came to the conclusion that the change produced was unquestionably 
great. 

990. The Griquas and Bechunas were in former times clad much 
like the Caffres, if the expression may be used when there was scarcely 
any clothing at all. A bunch of leather strings about eighteen inches 
long hung from the lady's waist in front, and a prepared skin of a sheep 
or antelope covered the shoulders. The breast and abdomen were left 
bare. The men wore a patch of apron about as big as the crown of a 
hat, and a mantle exactly like that of the women. To protect the skiu 
from the sun by day, and from the cold by night, they smeared them- 
selves with a compound of fat and ochre ; the head was anointed with 
pounded blue mica schist, mixed with grease. The particles of shining 
mica, as they fell on the body, and on strings of f)eads and brass rings, 
were considered highly ornamental. They now come to church In 
decent clothing. Sunday is well observed, and, even in localities where 
no missionary lives, religious meetings are regularly held, and children 
and adults taught to read by the more advanced of their fellow- 
countrymen.* 

• Livingstone. 
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** Seek ye tlie Lord, all ye meek of the earth, which hare wrooffht this judgment; 
seek righteousness, seek meekness ; it may be ye shall be hid in the day of the Lord's 
anger."— Zephamah ii. 



991. Why is the American type so called? 

Because it includes the Aboriginals of the American 
continent. Although distributed over very wide latitudes 
and exhibiting considerable diversity of form, they have a 

general physical 
aspect, which is 
common to the 
whole. The cheek- 
bones arc high, 
and the forehead 
rather low and re- 
treating ; the nose 
prominent, not un- 
licquently aqui- 
line; jaws power- 
ful, mouth large, 
lips full ; eyes 
small,deep-set,and 
black; hair coarse, 
black, and rather 
scanty ; the beard 
stunted; skin cop- 
per coloured and 
glossy in some of the Northern tribes, and of a yellowish- 
red, light brown, and sallow hue in the various tribes of ' 
the South. This type includes all the American Abo- 
riginals, except the Esquimaux, which are Mongolian. 

992. The aboriginal people of America are generally considered as 
a branch of the human family very distinct from the inhabitants of the 
Old World. On comparing the American tribes together, we Jind 
reasons for believing that they must have subsisted as a separate 
department of nations from the earliest ages of the worUL These 
nations are called ''Red Mcn^" but there are tribes equaUy red 




AMERICAN WOMAN. 
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** Thus speaketh the Lord of hosts, saying. Execute true Jadgment, and shew 
mercy and compassian, every man to his brother : and oppress not the widow, nor the 
fatherless, the stranger, nor the poor; and let none of you imac^e eTil against his 
brother in your heart."— Zechabiah viL 



perhaps more properly deserving that appellation, in Africa and Poly- 
nesia. And among the Americans some tribes are as white as many 
European nations ; others brown or yellow ; others very much resemble 
in colour the Negroes of Africa.* 

993. No subject has been more attentively investigated than the 
question how America became peopled; and though it is now con- 
sidered settled that the aborigines found their way to the New from the 
Old World by the Asiatic stepping-stones of Behring's Straits, the 
question is far from being determined ; for, if all had migrated that 
way, we might have expected to have found one race, and one colour 
of people, pervading the entire length of either Continent. Instead of 
that, we find no races in other parts of the world more dissimilar than 
is the red hunter of the prairie to the mild, orderly, yellow-skinned 
Peruvian ; that is, before corrupted by the white man, and when each 
had a distinctive type. Nor will this theory of Behring's Straits 
explain the anomaly of complexion found along both seaboards of either 
America, or explain why there were African types in latitudes directly 
opposite Africa, and nearly black men on the west in a line with 
New Guinea. 

994. Why is it believed that the Native American Nations 
have fallen from a Higlier Degree of Mental Culture into 
their present Barbarism ? 

Because among many of the tribes are found the remains 
of ancient institutions indicating the pre-existence of some 
refinement, and an artificial state of society — such as a 
complicated form of government, regulated despotisms or 
monarchies, privileged orders, religious and legal ordi- 
nances, systematic laws connected with marriage, inherit- 
ance, and family relationships, and other customs which do 
not accord with the habits of rude and uncivilized nations.f 

995. The existence of ancient sculpture and architecture, 
spread over Mexico, Yucatan, and Chiapa, as well as over 
the high plain of Quito and other parts of South America, 

• Prichard. t M. Manias. 
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"Better is a poor and wise child than an old and foolish, kiog, vho viU 
no more be admonished.* *— EocumgnBi iiL 



and the extensive works of art, consisting of fortifications 
and other relics, discovered in the Tennessee country, as 
well as in the inland parts of New Mexico, on the Eia 
Gila, afford some further grounds for this opinion.* 

996. What were the Toltecas and Aztecs? 

The Aztecs^ or Mexicans, as well as their kinsmen and 
predecessors, the Toltecas, were a people who it is supposed 
entered Mexico about 640 years after the Christian era; 
previous to which time the same region had been inhabited 
by various races, some of whom had arts and civilization, 
while others are said to have been barbarians. 

997. All the information the Spaniards have handed 
down of the early history of the Mexican people, is a 
loose tradition that, at a time equal to about our seventh 
century, the Toltecas, a martial well-informed nation, 
descended from the north, and, dispossessing the inhabitants, 
became the masters of the country, which they continued 
to rule with wisdom and power for about 500 years, or till 
the twelfth century, when a mighty people, called the 
Aztecs, coming also from the north, attacked and drove out 
the Toltecas, and established their sway over the Mexican 
country, tlio new invaders being highly civilized, and 
learned in most of the then existing mechanical arts. But 
that which distinguished them from all other nations, 
ancient or modern, was the art of picture writing, a system 
of pictorial hieroglyphs, by which they recorded their 
national history, and such events as were depmed fit to 
hand down to posterity. 

998. Of late years the ruins of Aztec cities have been 
discovered in Central America, and in them temples, palaces 

• Prlchard. 
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" The Lord is just in the midst thereof; he xiill not do iniquity; erery morning 
^oth he bring his Judgment to light, he &ileth not; but the unjust knoweth no 
shame."— Zeph. iiL 



idols, and buildings, that for centuries have lain hidden 
in impenetrable forests, or buried beneath the abundant 
vegetation of some se- 
questered dell or dark 
ravine. These relics of a 
people and an empire long 
passed away, who enjoyed 
tk high state of civilization 
long prior to the European 
knowledge of America, fill 
the contemplative mind 
with wonder. 

999. The portraits of th6 
xmcient Aztecs, and some 
of their divinities, are re- 
markable for the depression 
of the forehead, giving a 
small facial angle; and this 
is a form which seems to 
have entered into the beau 
ideal of the race, and 
which many other Ame- 
rican nations imitate by artificial compression of the head. 

1000. What are the JEsquvnaux? 

They are an aboriginal tribe . of North America, who 
may be traced Jiearly across the whole continent, from the 
Pacific to the Atlantic Ocean. Their name signifies " eaters 
of raw fish." Though they hunt during their short 
summer, they are obliged to draw their principal sustenance 
from the sea, and consequently they are rarely found more 
than 100 miles from the sea coast. They inhabit the 
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**The fbol foldeth his bands together, and eateth hto' own flesh. Better is 
an handful with quietness, than both the hands ftill with trawil, and Tesation «f 
spirit."— EocLBSLAjrxxs iU. 




shores of all the seas, bays, inlets, and islands of America, 
north of 60^ north latitude; from the eastern coast of 
Greenland, in longitude 20®, to the Straits of Behring, in 
loDgltude 167® west. On the Atlantic, they reach east- 
ward along the coast of Labrador to the 
Straits of Belleisle, and within the 
Gulf of the River St. Lawrence. 
Towards the west they may be traced 
along the shores of the Pacific to the 
extremity of the Peninsula of Alaska, 
and thence to the neighbourhood of 
Mount St. Elias. The whole length of 
L^ the coast peopled by the Esquimaux 
(^ is computed to be not less than 5400 
^ miles, without reckoning inlets of the 
-^^ sea.* 

ESQUIMAUX. 1001. Though inhabiting a country 

where the Eed Skins, or North American Indians, are their 
closest neighbours, the Esquimaux are in almost all physical 
points quite dissimilar, being of short stature, almost white in 
complexion, living chiefly on the fat or blubber of the 
whale, seal, and walrus, and dressed in seal-skins, which 
they sew together in extremely neat fashion, with thread 
mada from filaments of the long nerves of the whale. 
They live either in caverns of the mountains or in huts 
made of sods and turf, and in the winter in round hovels 
constructed of blocks of snow, in the sides of which they 
insert sheets of ice, which answer for windows. 

1002. WJiat are the Chippew7/ans? 

They are another widely-spread nation in North America^ 



» Prichard. 
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** Who is irise, and he shall understand these things? pradent, and he sliall know 
them? lor the ways of the Lord are right, and the jost shaU walk in them : bat the 
transgressors shall tOl therchi."— Hosba ill. 



called also Aihahashans, whicli designation is derived from 
the original name of the Lake of the Hills, and the 
adjoining country, which is the centre of the territory- 
possessed by the tribes of this race. Like all Indians 
who live principally on fish, and who do not acquire the 
habits of activity proper to the hunting tribes, they are 
excessively indolent and filthy, and have a depraved 
character. They are fond of unctuous substances, and 
drink inmiense quantities of oil, which* they obtain from 
fish and wild animals. Thoy also besmear their bodies 
-with grease and coloured earths. They like their meat 
putrid. 

1003. There are, however, among them tribes that hunt 
and feed upon flesh ; such are the Hare Indians, occupants 
of the valley of the River M*Kenzie, from Slave Lake 
to Great Bear Lake. Their condition is the most deplo- 
rable that can be imagined. They are almost entirely 
clothed in the skins of rabbits or hares, tagged together 
in the rudest fashion, with the ends of sinew. They have 
neither tents nor huts of any kind, living all the year 
round in the open air. They are a puny and stunted 
race, and are rapidly decreasing in numbers, and must 
soon disappear. 

1004. There are also the Dog-Ribs, whose distribution 
lies due east of the Hare Lidians. They live upon rein- 
deer, which frequent their lands in great numbers, follow- 
ing the migrations of these animals as closely as if they 
formed part and parcel of the herd. They are almost 
entirely independent of the whites, and present a marked 
contrast with their neighbours of the Hare tribe. They 
are well clothed in the skins of the rein-deer, and have 
all the elements of comfort and Indian prosperity within 

H 
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*' Thongh a sinner do eril an hundred timei, and hit dayi be prolonged, yet sorely 
I know that it shaU be well with them that liear God, which iear beSore Hia."— 

£CCLE8LA«TBS Till. 



their reach. They are a healthy, vigorous, but not very 
active race, of a mild and peaceful disposition, but 
low in the mental scale, and apparently of very inferior 
capacity. They receive the name of Dog-ribs from a 
curious tradition that they are descended frcHn a dog. 

1005. There are among tK>me of these tribes very curious customs. 
Their religious ideas are very gross and confused ; it is not known that 
they have any distinct ideas of a God or of the existence of a souL 
They have priests or dpctors, whose art consists in certain mummeries 
intended for incantations. When a corpse is burned, which is the 
•ordinary mode for disposing of the dead, the priest, with many gesticula- 
tions and contortions, pretends to receive in his closed hands something, 
perhaps the life of the deceased, which he communicates to a living 
person by throwing his hands towards him, and at the same time 
blowing upon him. This person then takes the rank of the deceased, 
and assumes his name in addition to his own. 

1006. If the deceased had a wife, she is all but burned alive with the 
-corpse, being compelled to lie upon it while the fire is lighted, and 
remain thus till the heat becomes beyond endurance. In former tisMS, 
when she attempted to break away she was pushed back into the flames 
•by the relations of her husband, and thus severely injured. When the 
corpse is consumed, she collects the ashes, and deposits them in a Uttle 
•basket which she always carries about vdth her. At the same time slie. 
'becomes the servant and drudge of the relations of her late husband, 
who exact from her the severest labour, and treat her with eveiy 
indignity. This lasts for two or three years, at the end of which time a 
feast is made by all the kindred, and a broad post, fifteen or twenty feet 
high, is set up and covered on the sides with rude daubs representing 
figures of men and animals of various kinds. On the top is a box, in 
which the ashes of the dead are placed, and allowed to remain until the 
post decays. After this ceremony the widow is released from her 
4Btate of servitude, and allowed to marry again.* 

1007. What are the Alagonhin, Lenape, and IroquoU 
Maces f 

They are Indian tribes descended £*om tlioae wlio 
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" Wbatsoeyer thy hand flndeth to do, do it irith fhy might; for then is no work 
nor device, nor knowledge, nor wisdom, in the grare, whither thou goesL**— 
EccLESusTxe iz. 



inhabited part of Canada, and the country, now belonging^ 
to the American States, eastward of the Mississippi. 
The Iroquois were a people distinct from the Alagon- 
kins, but similar to them, jet they waged perpetual 
warfare with each other. The Alagonkins are distributed 
east and west from the Rocky Mountains to Newfound- 
land; north and south from Labrador to the Carolinas. 

1008. Before the arrival of the Europeans, the Iroquois 
were dominant over their Alagonkin neighbours ; but after 
the Europeans had settled in the New World, the Iroquois 
warriors were more feared than those of the Alagonkins^ 
At present the Iroquois are encompassed by Alagonkins, so 
as to have become isolated in respect to the other classes of 
Indians, and cut off from contact with them. They occupy 
the parts about and between Lakes Huron, Ontario, and 
Erie, and North Carolina, and are in one part separated by 
tribes of the Alagonkin division, especially the Delaware 
Indians. It was with the Delawares that William Penn 
made his celebrated treaty. 

1009. The Iroquois and Alagonkins exhibit most strongly 
the characteristics of the North American Indians, and are 
the two families upon which the current notions respecting 
the physiognomy, habits, and moral and intellectual powers 
of the Red race are chiefly founded** 

1010. What are the Ojihways ? 

The Ojibways, also called Chippeways, are a tribe of 
the northern branch of the great Alagonquin family, of 
which there are numerous other subdivisions. Their 
present geographical situation is around Lake Superior,, 
extending north-west towards Lake Winnipeg, and west 
to Red River. 

» Latham. 
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** Why dost thoa Judge thy brother? or why dott thou let at nought thy bt^other? 
for we shall all stand before the Judgment seat of Christ. For It is written, Aa I live, 
naith Uie Lord, every knee shall bow to me, and erery tongue shall coatoa to God.**— 
KoMANS xir. 



1011. In a political point of view the Ojibways are 
more important to Great Britain than any other American 
tribe residing within the territory claimed by this kingdom. 
They are composed of about thirty bands, each having 
at its head a chief, and they are all subservient to one 
supreme head. 

1012. What are the Cherokees f 

It is probable that originally they were a branch of the 
Iroquois. At present they occupy the valley of the 
Tennessee River. They constitute one of the few sO-called 
savage nations which are increasing rather than decreasing 
in numbers.* They are also the most industrial of all the 
American families, Cherokee landholders having in some 
cases as much as five hundred acres under tillage, and 
possessing slaves. They have now a written language, 
written laws, and seem likely to improve in civilisation, and 
to preserve their name to future ages, and prove that the 
native races of America are capable of receiving and appro- 
priating the blessings of Christianity,^ 

1013. The males of the Cherokees, and the sub- tribes of Musco- 
gulges, Seminoles, Chicasaws, Choctaws, and confederate tribes of the 
Creeks, are tall, erect, manly, and robust; their limbs well shaped, so 
as to form a perfect human figure ; their features reg^ar, and coun- 
tenance open, dignified, and placid, with an air of heroism and bravery; 
the eye, though rather small, yet active and full of fire, the iris always 
black; and the nose somewhat aquiline. Their complexion is of a 
reddish brown or copper colour; their hair long, lank, coarse, and 
black as a raven, and reflecting the like lustre at difibrent exposures to 
the light. The women of the Cherokees are tall, slender, erect, and of 
delicate frame ; their features formed with perfect symmetry ; the coun- 
tenance cheerful and friendly ; and they move with pleasing g^race and 
dignity. Some of their young women are nearly as feip and blooming 
as European women.t 

• Latham. f Prichard. % Bartram. 
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** All flesh is not the same flesh : but there is one kind of flesh of men, another 
flesh of beasts, another of fishes, and another of birds."— L Coumth. xr. 



1014. The Cherokees are laying out fine fanns and building good 
houses, in which they live, in many instances, surrounded by immense 
fields of com and wheat. There is scarcely a finer country than 
that now. owned by the Creeks; and, in North America, certainly no 
Indian tribe is more advanced in the arts and agriculture than 
they are.* 

1015. What are the Sioux and Faunieesf 

They are Indian tribes of kindred stock, constituting 
one of the most widely-extended families of nations among 
the aboriginal races, of North America. Their geogra- 
phical area is Central North America, between the Missis- 
sippi and the Rocky Mountains, east and west; between 
Lake Winebago and the Arkansas, north and south ; the 
valley of the Missouri, the valley of the River Platte, &c. 

1016. They constitute the third great division of North 
American Indians, and it is the division which comprises 
t*he tribes of the interior — of the Far West in opposition to 
the Sea Coast— of the prairie country in opposition to the 
tracts that are or have been forest — and of the foot of the 
Rocky Mountains. The country of the buffalo is shared 
between them and the Western Alagonkins.f 

1017. The tribes of Indians, whether east or west of the Rocky 
Mountains, cultivate nothing whatever, and those east of the Rocky 
Mountains subsist principally on the flesh of the buffalo. But, whether 
erratic or agricultural, there is a marked difference between the habits 
and character of all the Indians who dwell amidst the dense forest 
which extends from the Atlantic to the Mississippi, and those of the 
inhabitants of the western prairie. These are everywhere less ferocious 
than those on the eastern side of the Mississippi. Like all savages, 
they put to death the prisoners taken in battle, but the horrid practice 
of inflicting on them the most excruciating torture for days together 
does not appear to have prevaOed anywhere beyond the Mississippi. 

1018. Dr. Say, during his residence among the Omahaws, a tribe of 

• Catlin. t Latham. 



326 THE BEASON WHY 



** Ac bj the ofTence of one judgment came npon all men to ccmdenmatkaL; «Ten 
Ko by the lighteonsneM of one the firee gift came upon all men nbto juatiiicatkm of 
life.*'— RoMAiri v. 



Sioux, gleaned some important particalara respecting them, lliey 
reside in their villages at most five months of the year, principallj for 
the purpose of planting, cnltiyating, and gathering maize, aod a feir 
other vegetables. Two winter months are employed by the men in 
hunting beaver and other fur animals. During the rest of the year tiie 
' whole population remove to the buffalo grounds, subsist on meat, and- 
preserve some for future consumption. They address prayers to Wah- 
canda, the Creator and Preserver of the World, to whom they ascribe 
infinite power and omnipresence. But, although they believe in a 
future life, it cannot be said that this vague belief has any important 
influence over their conduct. Like all other Indians, they put hUh 
in dreams, omens, and jugglers — ^in the power of imaginaxy deitie» 
of their own creation, and of those consecrated relics to Tvhich the^ 
Canadians have given the singular appellation of mediaie,^ 

1019. What are the Mandansf 

The Mandans are a division of the Sioux race, whonr 
Mr. Catlin takes to be the descendants of Prince Madoc's 
Welsh army. The Mandans are remarkable for certain 
peculiar physical characters by which they are broadly 
distinguished from the Sioux, and pther tribes of the 
same race. 

1020. In the Mandan village, a stranger is struck at once by the* 
different shades of complexion and various colours of hair which he- 
sees around him, and is at once almost disposed to exclaim, '< These ate- 
not Indians." There are many of these people whose complezions- 
appear as light as half-breeds ; and amongst the women particulariy 
there are many whose skins are almost white, with the moat pleaidngr 
symmetry and proportion of features, with hazel, grey, or blue eyes;: 
with mildness and sweetness of expression, and excessive modesty of 
demeanour, which render them exceedingly pleasing and beautifid. 

1021. The diversity in the colour of hair is also equally as g^reat as 
that in the complexion ; for in the numerous groups of these people 
(and more particularly amongst the females, who never take pains to 
change its natural colour, as the men often do) there may bo seen. 

•Gallatin. 
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** Be not eonfoimed to this world : bnt be ye transfbrmed by the renewing of 
yoar mind, that ye may prove what is that good, and acceptable, and perfect will of 
•God.**— RoxANS xii. 



.«very Bhade of colour of hair that can he seen in our own country, 
iTith the exception of red or auburn, which is not to be found. 

1022. And there is yet one more strange and unaccountable peculiarity 
^hich can probably be seen nowhere else on earth; nor on any natural 
grounds accounted for, other than that it is a freak of Nature, for which 
she has not yet seen fit to assign a reason. There are very many, of 
hoth sexes, from infancy to manhood and old age, with hairs of a bright 
silvery grey, and in some instances almost perfectly white. 

1029. This singular appearance is much oftener seen among the 
women than it is with the men ; for many of the latter who have it seem 
ashamed of it, and artfully conceal it by filling their hair with glue and 
black and red earth. The women, on the other hand, seem proud of 
it, and display it often in an almost incredible profusion, which spreads 
over their shoulders, and falls as low as the knee. About one in ten or 
twelve of the whole tribe have these grey hairs ; and this strange and 
unaccountable phenomenon is not the result of disease or habit, but is 
•unquestionably an hereditary character which runs in families, and 
indicates no inequality in disposition or intellect. The hair is coarse and 
harsh as a horse's mane, and differs materially fix>m the hair of other 
<x>lours, which amongst the Mandans is generally as fine and soft as 
silk.» 

1024. What are the Tnhes inhabiting the Sides of the 
Rocky Mountains? 

The country westward of the Minetaris, and between 
that people and the Rocky Mountains, consists in part of 
-elevated buffalo plains, and these are inhabited by two Indian 
nations of distinct language, the Black-feet, or Black-foots, 
and the Rapid or Fall Indians. The Black-foots have 
recently been recognised as Alagonkins. They people the 
^ead waters of the south branch of the Saskatchawan 
River, and extend as far west as the Rocky Mountains, by 
which they are divided from the Kutanis. Bounded on the 
north by the Athabaskans, the south by the TJpsarokas, the 
weast by the Ahnenin and Crees.f 

» CatUn t Latham. 
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** Seek Him that maketli the seven stars and Orion, and tumetli tlie siiadow of 
death into the morning, and maketh tlie day dark with night : that calleth for the 
waters of the sea, and poureth them out upon tlie face of tiie earth : the Lard b his 
name.**— AMOS v. 



1025. The Black-feet proper arc divided into four bands, 
or families, as follows : — The Pa-e-guns, of 500 lodges ; the 
Black-foot band, of 450 lodges ; the Blood band, of 450 
lodges ; and the Small Rover, of 250 lodges. These four 
bands constitute about 2500 lodges, amounting to about 
30,000 souls. 

1026. The Shosonees, or Snake Indians^ in the high tracts 
on both sides of the Cordillera of North America, are in 
perpetual warfare with the Black-feet, who prevent them 
from hunting the buffalo grounds. Further southward, on 
the Arkansas and the Platte, are the PaducaSy consisting 
of three nations, the Cumanches^ the Ktawas, and the 
Utahs. 

1027. The Kiawas wander about the sources of the 
River Platte ; they possess immense herds of horses, and 
are usually at war with the Pawnees and Tetans, as well as 
with the Sioux. The Utahs wander on the sources of the 
Rio del Norte. The Tetans are a powerful nation, entirely 
wandering, without any attempt at cultivation, subsistiDg 
solely by the chase. Their wanderings are confined to the 
frontiers of New Mexico on the West, the nations of the 
lower Red River on the south, the Pawnees and Osages on 
the east, and the Utahs, Kiawas, and various unknown 
nations towards the north.* 

1028. The Cumanches form a warlike and far-spreading nation, 
divided into three great tribes, the northern, southern, and middle, 
which are again subdivided into various bands, led by warriors, medi- 
cine men, or petty chiefe, with whom they traverse the prairie in all 
directions. The northern and middle Cumanches constantly follow the 
wandering buffalo, whose juicy meat forms almost their sole support; 
they are thence appropriately named by their neighbours, tho 
'' BufiUlo Eaters.*' The wide steppe is their home, and their i 

» Prichard. 
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*' Come unto me all ye that labour and are heavy laden, and I will ^ive yon rest. 
Take my yoke npon you, and learn of me ; for I am meek and lowly in heart : and yo 
shall find rest in your sonls."— MArrabw zi. 



querable love of wandering carries them from place to place over those 
desolate inhospitable regions, where the pure invigorating atmosphere 
alone compensates for the scarcity of wood and water. Their territoiy 
is free from morasses, stagnant pools, or thick woods, where any 
unhealthy and fever-breeding miasmas might be generated; the 
currents of air find no obstacle on the boundless plain, and, as they 
blow freely across it, they seem to strengthen both the body and the 
mind of the dwellers on the steppe. 

1029. The Cumanche Indian knows of no wealth but the buffalo and 
the antelope, and the horse that enables him to overtake them ; with 
these he has food, clothing, and shelter, and desires no more ; lie is 
not troubled with cares for the coming day; and in wars with his 
enemies, and the management of his horse, he finds the means of 
gratifying his ideas of honour. From earliest childhood to later years 
he is continually on horse-back ; indeed, ho makes but an awkward 
figure on foot, though he is no sooner mounted than he seems 
transformed ; and when, with no other aid than that of the rein, and 
a heavy whip, he makes his horse perform the most incredible feats, he 
considers himself the greatest and most independent gentleman on tlio 
face of the earth. Troops of Cumanches may often be seen dashing 
about in all directions, and playing the wildest tricks ; hanging now on 
-one side of the horse, now on the other, and throwing lances or 
shooting arrows under his neck with the greatest accuracy at a given 
jnark. 

1030. Every Cumanche keeps a special war-horse, in the choice of 
which more regard is paid to swiftness than to any other quality. As 
among Arab tribes, this horse is the best friend, the most sacred posses- 
sion of his master, who would not part with it for any treasure that 
could be offered to him, and mounts it only for war, or peculiarly 
festive occasions, such as a buffalo hunt ; and when he returns he finds 
the women awaiting him at the door of his wigwam, to receive the 
beloved steed, and pay him every attention. 

1031. With exception of a few cooking and domestic utensils, the 
sole possessions of these Indians consist of horses and mules, many 
of which have evidently, from the brands upon them, been stolen from 
the settlements of the whites ; but the appropriation of other people's 
goods is considered creditable, and a young man is not thought worthy 
to be counted in the list of warriors till he has returned from somo 
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** A good man ont of the irood treasure of the heart bringeth fiarth 0ood thiass^ 
and an evil man ont of the eril treasore bringetii forth evil thingB." — 



8ncces8ful plundering expedition into the Mexican provinces ; so that 
the greatest thieves are not only the most opulent but the moat respect- 
able members of society. A grey old warrior, who was heaord praisiBg 
his two sons, and declaring them the joy and support of Ida age, did 
not fail to add that they understood horse-stealing better tfaaai saj 
young fellows in the whole nation. It is not therefore anrprialiig tiait 
some particularly meritorioua persons have acquired a herd of from^ 
two to three hundred of these testimonies to their proweaa.* 

1032. WJiat are the Calif omian tribes f 

There are said to be not less than ten different races of 
people, speaking at least three or four peculiar languages, 
which are the mother tongues of all the remainder. The 
complexion of tbe Califomians generally very nearly 
resembles that of those negroes whose hair is not wooUy.^ 
Those of Northern or Upper California are a shade browner 
than the Oregon Indians, while some tribes in the penin- 
sula are nearly black. In other respects they have the 
physiognomy of their race. 

1033. The industrious habits of these tribes, their agri- 
culture, domestic manufactures, fixed habitations, congre- 
gated villages of considerable size, together with their 
carriage, pleasing manners, and intelligence, all concur to 
make them the most interesting of the aboriginal populations- 
of America,^ 

1034. The Pimos and Coco-Maricopas are of clear brown 
complexion, different from the red skins east of the Hocky 
Mountains, and from the olive colour of the South Califor- 
nians. The women have good figures, full chests, and 
finely-formed limbs. The men have small and slender- 
limbs, and are physically quite inferior to the tribes between, 
the Mississippi and the Rocky Mountains, The other 

• MolIhaiiBen's Journey to the Faclfic. f Lathaau 
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" But I say nnto yon, That every idle word that men shall speak, they shall give 
-acconnt thereof in the day of Jodgment."— Matthew zii. 



tribes are the Yumas, the Opates, the Yaqttis, the Zunis, the 
Moquis, the Navajos, &c., and the same general account of 
tliem will apply to all. 

1035. Their houses are huilt of stakes and rushes ; they are of a 
circular form, from fifteen to twenty-five feet high, so that in some of 
them a man cannot stand upright ; they are, in fact, used chiefly to sit 

-and sleep in ; the door-way is about three feet high ; many of them are 
plastered all over with mud. They have outside a kind of shed, or 

: bower, a mere roof open on all sides, where they pass most of their 

itime. The villages consist of from twenty to fifty houses, surrounded 
by gardens or cultivated fields, which are intersected by small canals 

<of irrigation. These fields are fenced in with crooked sticks, matted 
with prickly brushwood. 

1036. They possess considerable numbers of horses and cattle, which 
^are left to graze near the village during the day, and at night are 

brought into the corrals, or yards, for safety. Some of them have 
recently obtained a few carts and waggons from passing emigrants, 
which they use with oxen for agricultural purposes : they occasionally 
plough with oxen. Their machinery for spinnmg and weaving cotton 
is of a very primitive order. The spinner uses a spindle of thin wood, 
two feet in length, passing through a block of iMck dimonmons, shaped 
like a child's teetotum, which is twirled round vith one end Testing in a 
wooden cup, held between the toes of the liorkmaa. Tlie supply of 
cotton is rolled upon the left arm, from wfakb it is drswn out by the 
left hand, and conducted to the spindle, whidi is tmioABd round by the 
right hand. The loom for weaving is still rudce. The eotton raised by 
them is excellent ; specimens have been pronmmced by merchants to 
be equal to the best Sea Island cotton. Their pottery and basket work 
are varied, neat, and sometimes ornamental. 

1037. The moral character of these races is decidedly good; no 
•tribes of the whole continent excel them in virtue and honesty. Their 
ideas of the Supreme Being and a future state are vague ; their souls 
after death are supposed to return to the banks of the Colorado, where 
their ancestors lived, and tliese to be changed into the forms of various 
animals ; their enemies will also be found there, and, like the North- 
men, they believe that the same wars will be continued between them 

-after death as during life. They marry only one wife, and always with 
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*' If God ito clotho the ffrass of the field, which to-day is, and to-morrow is cast 
into the oven, shall Ue not much more clothe yon, ye of UtUe fidth." — ^Hatthkw tL 



the consent of the lady, whose good graces are romantically aonght by 
means of music, the suitor playing his flute in some retired spot near 
her hut daily for some hours, until she makes known her assent or he ifr 
wearied out by want of success. The wife is well treated, although 
she has the greater share of hard work, being employed in the domestic 
labours of grinding com and fetching water, besides making- baskets 
and taking care of the children, while the husbands do little more than 
plant and gather the crops, and attend to their cattle, which leaves- 
much idle time on their hands.* 

1038. What are the Guachos? 

They are scattered tribes of Indians, who Iiave inter- 
married among the Spanish descendants, and who, mixed 

in religion as in blood and 
manners, may be regarded 
as the wild sovereigns of 
those vast plains called the 
Pampas, extending from 
the Paraguay to the iron- 
tiers of Los Chacos. These 
native Guachos are pos- 
sessed of vast herds of wild 
cattle, and roam over the 
country in a state of semi- 
savage independence. Their 
gr, dwellings are constructed 
. of wicker-work, with a hole 
in the roof for the escape 
of smoke ; an enclosure for 
cattle adjoins the hut, and 
the whole is surrounded by 
a fence of impenetrable 
cactus. 

10d9. Their tastes and habits are as primitive as their lires. Some 
•PridurdL 
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*' Behold, the Lord maketh the earth empty, and maketh it waste, and tometh it 
npalde down, and scattereth abroad the inhabitants thereof."— Isaiah zziiL 



Indian corn, which they cultivate in patches round their huts, is roughly 
beaten into powder, or rather meal, and this, with a little brine from 
the salt-marshes, flattened into cakes, and baked on a hot stoye, 
constitutes their bread. When they kill a large animal, the flesh is 
cut into long thin slices, and, after hanging in the air to dry, is smoked 
over their wood fires, and thus preseryed. This charqui forms their 
staple food, and will keep for a long time. 

1040. What are the Kolushi and the Nootha Columbians f 
These names are applied, the former to northern, and 

the latter to southern tribes of Indians who are distributed 
over the north-western coast of America. The northern 
family consists of tribes extending from the Arctic Circle, 
and the settlements of the Esquimaux to the Northern 
extremity of Quadra and Vancouver's Island. These are 
the Kolushi^ called also Ugalyachmutzi, and Kianaitzi, 

1041. To this race belong the Haidals, tribes of Queen 
Charlotte's Island, who cultivate potatoes, which they 
export, in fleets of forty or fifty canoes, to the different 
villages of the Chemesyan nation, where potatoe fairs are 
held. A custom is common with these northern tribes, of 
females perforating the lower lip, and wearing in it a 
wooden, ornament. 

1042. The southern tribes pursue the habit of flattening 
the skulls of infants. These, the Nootha Columbians, 
include the various hordes that inhabit Nootka Sound, and 
the lower tracts of the Columbia River, and extend thence 
southward along the coast. They are more muscular than 
the northern tribes; their cheek-bones prominent; their 
complexion of a light copper hue. The flattening of their 
skulls in infancy appears to have no ill effect upon their 
intellects, but they are extremely liable to apoplexy. 

1043. What are the Wliite American Races 7 

They consist of certain tribes to whom there attaches 
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*' Lay not up for yourselves treasures upon earth, where moth and rust doth 
-cormpU and where thieves break throoKh and steal. Batlay up for yoaraelves treasures 
in heaven, where neither moth nor nut doth oormpti, nd wheriB tiueva do Jiot break 
through nor steal."— Matthew tI. 

peculiar interest, from the fact that Hiey famish instances 
of a White American Nation, whose complexion, if com- 
pared with the black CalifornianSy seems to bear a relation 
to climates similar to that which we trace in the Sastem 
Continent of the Old World, when we compare the white 
Europeans with the black Africans. Some of them, how- 
ever, so bedaub themselves with paint that it is difficult 
to discover their complexion. "We prevailed upon one 
woman," sajs Captain Dixon, " to wash her face and hands, 
imd the alteration in her appearance surprised us; her 
•countenance had all the cheerful glow of an English, milk- 
maid, and the healthy red which flushed her cheek was 
even beautifully contrasted with the whiteness of her 
neck : her forehead was so remarkably clear that even the 
small underlying veins could be distinctly seen." 

1044. What are the Quichasf 

They constitute the Peruvian branch of the Andian 
families. It was among the nations of this stock that nearly 
all the civilization of South America existed. The Peruvians 
are well known to have inhabited cities ; in their elevated 
plains they had flocks of domesticated animals, the llama 
and the alpaca ; and they cultivated extensively the quinoa 
and the potatoe, theb native plant, which served them in 
place of corn plants. Their woollen manufacture was 
comparable to the finest fabrics of Europe. They worked 
the precious metals, and copper and lead, but were ignorant 
of the more valuable use of iron. 

1045. Among the Peruvian nations the dominant race 
were the Quichuas, or Incas, distinguished by their 
language, which is the Quichuan. The stature of the 
Quichuas is low, seldom more than five feet three inches. 
Their average height is not above four feet nine inches ; 
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the women are still less. They are remarkable for a very 
large development of the chest and breathing organs, which 
arises from their residing 1500 to 15,000 feet abore the 
level of the sea ; the atmosphere is so rarified that a much 
greater volume of air must be inhaled at each inspiration 
than at the level of the ocean.* 

1046. What are the,J,i/mara8, AtacamaSy and Changosf 

These are other races of South America allied to the 
Peruvian groups. The Ai/maras appear to be the descend- 
ants of an ancient race, who in ages long past occupied 
the high plains covered by the singular monuments of 
Tiaguanaco, the most ancient city of South America, and 
the Lake of Titicaca. 

1047. The Atacamas and Changos are two other nations, 
of inferior numbers, that make up the Peruvian group^ 
The entire mass of the Peruvian nations has embraced 
Christianity. 

1048. JVhat are the Antisiansf 

They constitute a brandh of the Alpine races of South 
America. The territory held by the Antisian races, which 
are divided into numerous branches under numerous names, 
consists of abrupt and precipitous mountains, on which, 
however, a vigorous and magnificent vegetation is every- . 
where displayed ; and of deep and gloomy valleys, where 
impetuous torrents rush over rocky beds. 

1049. The people of these races, dwelling amid damp 
forests, scarcely penetrated by solar rays, are, in comparison 
with other tribes, almost white, and the names of some of 
them indicate " white men.'' One remarkable feature 

* Prichard. 
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" Lore yonr enemies, bless them that cnrse yon, do grood to them that hate you, 
and pray for them which despitefuUy use yoa."— Hattbxw t. 



among them is, that many indiyiduals have their shins 
spotted with large patches of a still paler hue. Their 
forms aro vigorous and robust ; their countenances differ 
from those of the Mountaineers; their languages are 
peculiar; and their manners barbarous and wild, 

1050. Wliat are the Fesherais? 

They are a people that inhabit all the coast of Tterra del 
Fuego, and both borders of the Straits of Magellan, from 
the Island of Elizabeth and Port Famine towards the East, 
they are separated from the Fatagonians by the sea, and 
by the chain of mountains which constitutes the isthmus 
and joins the Peninsula of Brunswick to the continent. 

I 1051. Unfortunate in their climate and country, they live 

I for the most part on shell-fish, roasted or raw, sharing 

; food with their dogs, which accompany them wherever 

j they go. Thus they pass the most rigorous season, not 

•j, under ground, like the inhabitants of the extreme Nortli, 

'• but without the temperature having the slightest difference 

on their manner of life. Among them, as with all other 

savage tribes, the women, whom civilization spares from 

hard toil, are forced to engage in occupations the most 

fatiguing : besides the employments natural to their sex 

1 and their duties as mothers, they row, fish, build cabins, 

! j and, even in the winter, brave the extreme rigour of cold.* 

1052. In Tierra del Fuego we have one of the six 
■ , extreme points of population ; i,e. points from which no 

j population has been supposed to have migrated elsewhere; 

^1 Easter Island, Van Diemen's Land, the Cape of Good 

I Hope, Lapland, and Ireland, being the other five.f 

. 'i • Prichard. t Latham. 
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** Except your righteousness shall exceed the righteousness of the scribes and 
Pharisees, ye shall in no case enter into the Idngdom of heuven."— Matthew y. 



1053. The Patagonians, another people inhabiting TeiTa 
del Fuego and Patagonia^ are remarkable for their gigantic 
stature. The medium height of the males is about live feet 
eleven inches. The women are not so tall, but are in pro- 
portion broader and stouter. They are generally plain- 
featured ; the head is long, flat, and broad, and the forehead 
low, with the hair growing to within an inch of the eye- 
brows, which are bare ; the eyes are often placed obliquely, 
and have but little expression ; the nose is generally rather 
flat, and turned up, but in some instances is aquiline ; the 
mouth is wide, with prominent lips, and the chin is rather 
large ; the jaws are broad, and give the face a square appear- 
ance ; the neck is short and thick ; the shoulders are broad ; 
the chest is very 
broad and full ; but 
the arms, particularly 
the fore arm, is small, 
as are also the foot 
and leg; the body 
long, large, and flat, 
but not corpulent. 




1054. Whj/ IS the 
fifth type called the 
Malay f 

Because most of 
the tribes speak the 
Malay language, 
which in the various 
ramifications of this 
race may be traced • malat. 

from Madagascar to Easter Island in the South Pacific, 

• King. 
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** As I ptMBd br, and beheld yoor derotioos, I foond «a altar with this inaeriptkn* 
To the Unknown God. Whom thereforo je ignorantly worah^ Him deetava I iint» 
you: God that nuule the world and aU thinga therein, aoBiBf that he ii Loc4 af kaavw 
and earth, dweUeth not in teinplea made with hands.**— Aoxa XTiL 

half-way between Asia and America. Their character- 
istics are a brown colour, varying from a light tint, not 
deeper than that of the Spaniards and Portngese, to a deep 
brown approaching to black ; black hair, more or less 
curled, and abundant ; head rather narrow ; bones of the 
face large and prominent ; nose full and broad towards the 
point, and mouth large. 

1055. To this division belong the inhabitants of the 
peninsula of Malacca, of Sumatra, Java, Borneo, Celebes^ 
and the adjacent islands of Australia, Van Diemen's Land, 
New Guinea, Now Zealand, and the numberless islands 
scattered throughout the South Sea. 

1056. Disjointed and widely separated, these insular tracts 
are found to contain races of inhabitants more nearly con- 
nected with each other, and at the same time much laore 
widely scattered, than any of the families of men who 
occupy the continuous lands of Asia and Africa. The 
habitable tracts of this region lie principally, but not 
entirely, within tiie Tropics. In longitude it may be 
considered as reaching, in its greatest extent, namely, from 
Madagascar to Easter Island, through nearly half the Equa- 
torial region of the, globe. The whole of this region is 
made by some geographers to constitute a fifth great 
division of the globe, under the name of Oceanica. 

1057. The human inhabitants of Oceanica divide them- 
selves into three groups. One of these may be termed a 
race or family of nations, since a real kindred, or community 
of origin has been proved, by affinity of language, to exist 
among them. The two others probably constitute as many 
races, since we seem able to trace them from one cluster of 
islands to another. The first are the Malayan Polynesians^ 
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" Ye are the children of the prophets, and of the covenant which God made with 
our fotliers, saying unto Abraham, And in thy seed shall all kindreds of the earth be 
blessed.'*— Acts iiL 



the second the Pelagian Negroes^ and the third the 
Alfonans, to which the native groups of Australia belong. 

1058. The Malays constitute a nation of Southern Asia, inhabiting 
the coui^ries and islands between Hindostan and China. They are a 
bold, roving, and energetic race of people, thoroughly addicted to war 
and plunder. Their residences, 
whether on the Malayan Penin- 
sula, or upon the large islands, 
are always on the coast, driving 
the natives wherever they colo- 
nise from the sea- board, and 
shutting them up in the centre 
of the islands, while in the 
smaller isles they have extermi- 
nated the original possessors. 

1059. In the north of the 
Malay Peninsula the Malays 
became intermixed with tlie ■ 
Siamese, and in other parts 
with the Burmese and Celebes. 
Physically considered, the Ma- 
lays are rather below the ordi- 
nary stature, well formed but 
slight, with remarkably small 
wrists and ankles. The religion of the Malayans, though a mixture of 
Mahommedanism and the Soonee sect, is the most tolerant of all the 
creeds and opinions of Asia. They rarely forgave an af&ont, but sooner 
or later take a cruel revenge. They are given to plunder, and are 
naturally pirates, their habit being to dart out from their back streams 
and hidden rivers in their proaTis upon any vessel thaj: approaches near 
their coast ; but sometimes they lie in wait in large numbers upon the' 
open seas for any vessel suspected of having a rich cargo. The Malay 
nation is supposed not to exceed 400,000. 

1060. Tribes of Pelagian negroes are spread along the chains of 
Louisiade and Solomon Isles to Santa Cruz, and thence still further to 
several of the New Hebrides and to New Alexandria. The island of 
HallicollQ appears to be peopled by a race of umall negroes^ ^bA<«ft 
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** Hy sheep hear my voice, and I know them, and they follow me : and I gire them 
eternal life ; and they shall neyer perish, neither shall any man plnck them oat of my 
hand."— JoHM z. 



lower jaws project in a remarkable manner. The Tasmanians, or 
natives of Van Diemen's Land, of whom but a small number snrrive, 
are decidedly of the Pelagian "stock, having the same characteristic 
projection of the lower jaw. 

lOGl. The Alforians are a people of peculiar physical charaftery who 
inhabit the interior of New Guinea and many of the larger islands to 
the southward of the Indian Ocean. The Australians, or aborigines of 
New Holland, are proved by their languages to have no affinity with the 

Pelagian tribes of any class. 
They occupy a very low position 
in the scale of human races. 
Their &kin is lighter than that of 
the negro; their woolly hair 
grows in small tufts, each hair 
having a spiral twist. Their 
constructive powers are very 
limited; a hut of the rudest 
fashion, more like a kennel 
than a habitation; some un- 
dressed skins of beasts for 
clothes; a spear, boomerang, 
and shield, constitute their 
arms ; and if we add the work- 
manship of a fish-hook to take 
their prey, we enumerate the 
extent of their wealth and 
constructive capability. Their 
habits are unclean, and their 
morals of the lowest standard ; treachery, cruelty, lying, and theft are 
their constant practice. Their food consists chiefly of wild animals, 
reptiles, fish, ants^ and almost any kind of offid* The number of the 
aborigines is rapidly diminishing, and it is probable that in a few 
years they will be totally extinguished. 

1062. What are the Principal Polynesian Races? 

They are the Tahitians, the Marquesas, the Sandwich 
Islanders, the New Zealanders^ the Tongoese, the Samoan 
Islanders, New Caledonians^ &c. The Polynesian races 
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" I am the living bread which came down from heaven : if any man eat of this 
bread, lie shall live for ever : and the bread that I will give is my flesh, which I will 
give for the life of the world."— John t. 



display considerable variety among themselyes, both as to 
physical and moral characteristics. The Tahitians are 
considered the best type of the whole Polynesian race. 
The men are tall, strong, well-limbed, and finely shaped. 
The women of the superior rank are also in general above 
the European middle stature, but those of the inferior class 
are below it, and some of them very small. Their natural 
complexion is that kind of clear olive or brunette which 
many people in Europe prefer to the fairest white and red. 
This refers to females of the better class, who are sheltered 
from the wind and sun ; they have no tint in their cheeks 
which we distinguish 'by the name of colour. Their hair in 
general is black, but it is occasionally brown, red, or 
flaxen.* 

1063. The majority of the Polynesian Islands present 
the phenomenon of an imperfect and recent civilization, 

engrafted upon a state 
of comparative barba- 
rism. All the tribes that 
have come under the in- 
fluences of civilization 
have readily adopted the 
Christian religion. The 
capital of the Sandwich 
Islands, Honolu, can 
boast of its theatres, 
hotels, and ball-rooms, 
as well as churches and 
schools, and the richer 
natives have the houses 
and dress of Europeans; but the people generally are 
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f^t&ted to live and clothe themselTes much as they did 
l>efore the white man came to reside among them. In 
islands which have not been mnch firequented bj Europeans, 
thcj exhibit, in various degrees, the characteristics of 
ravage people, but are generally tractable, and capable of 
receiving good impressions from acts of kindness and 
confidence. 

10G4. T7^ practices of immolation which prerail in certain bar- 
barous and semi-barbaroos tribes are of a very extraordinary character. 
•Sometimes these sacrifices are made in deference to religion or snper- 
Htitious customs; in others from obedience to social laws, and more 
rarely from trifling causes of personal degradation. Two instances are 
recorded by an Englishman, John Jackson, who for some years resided 
with a tribe of Feejeean Islanders, by whom he had been made captire. 
Of each of these occurrences he was an eye-witness. 

1005. The other story told by Jackson is as follows: — " I saw a tall 
young man, about twenty years of age. He appeared to be ailing, but 
not at all emaciated. He was rolling up the mat he had been sleeping, 
upon, evidently preparing to go away somewhere. I addressed him, 
and asked him where he was going, when he immediately told me he 
was going to be buried, I observed that he was not dead yet, but he 
said he should soon be dead when he was put underground. I asked 
him why he was going to bo buried ? He said it was three days since 
ho had oaten anything, and consequently was getting very fhia, and 
that if he lived any longer ho would be mnch thinner, and tltenL the 
women would call him a ' lila ' (skeleton), and laugh at him. I told 
him he was a fool to thi'ow his life away for fear of being langlied at, 
and asked him who or what his private god was, kaowing it would be 
no use talking to him about God, whom he had sever heard of. He 
said his gfod was a shark, and that if he were cast away in a canoe, and 
obliged to swim, the sharks would not bite him. I asked him if he 
bcdieved the shark, his god, had any power to act over him ? He said 
yes. Well, then, said I, why do you not live a little longer, and trust 
to your god to give you an appetite? 

lOGC. " Finding that he could not give me satisfactory answers, and 
boing determined to get buried, to avoid the jeers of the ladies, ^diich 
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** Lore ye your enemiei, and do good, and lend, hoping for nothing again, and your 
reward shall be great, and ye shall be the children of the H^hest : lor He is kind unto 
the unthankful and to the eril."— Lukb yi. 



to a Feejeean are intolerable, he told me that I knew nothing about it, 
and that I must not compare him to a white man, who was generally 
insensible to all shame, and did not care how much he was laughed at. 
I called him a fool, and said the best thing he could do was to get buried 
outof the way, because I knew that most of them work by rules of 
contrary; but it was all to no purpose. 

1067. ^* By this time all his relations had gathered round the door* 
His father had a kind of wooden spade to dig the grave with, his- 
mother a new suit of tapa, his sister some vermilion, and a whale's tooth,, 
as an introduction to the great god of Rage-Rage. He arose, took up 
his bed, and walked, not for life, but for death, his father, mother, and 
sister following after, with several other distant relations, whom I. 
accompanied. I noticed that they seemed to follow him in something- 
the same way that they follow a corpse to the grave in Europe ; but, 
instead of lamenting, they were, if not rejoicing, acting and chatting 
in a very unconcerned way. 

1068. "At last we reached a place where several graves could be 
seen, and a spot was soon selected by the man who was to be buried. 
The old man, his father, began digging the grave, while liis mother 
assisted in putting on a new tapa, and his sister besmeared him with 
vermilion and lamp-black, so as to send him decent into the invisible 
world, he (the victim) delivering messages that were to be taken by his» 
sister to people then absent. His fiither then announced to him and 
the rest that the grave was completed, and asked him in rather a surly 
tone whether he was not ready by this time. The mother then nosed 
him, and so did the sister. He said, ' Before I die, I should like a 
drink of water.' His &ther made a surly remark, and said, as he ran 
to fetch it in a leaf doubled up, ' You have been a considerable trouble 
during your life, and it appears that you are going to trouble us equally 
at your death.' The father returned with the water, which the sou 
drank off, and then looked up into a tiee covered with tough vines, 
saying he should prefer being strangled with a vine to being smothered 
in the grave. His father became excessively angry, and, spreading the 
mat at the bottom of the grave, told the son to die, ' faka tamata ' (like 
a man), when he stepped into the grave, which was not more than four 
feet, and lay down on his back with the whale's tooth in his hands,, 
which were clasped across his body. 

1069. " The spare sides of the mat were lapped over him, so as tcK- 
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" Blessed are ye, when men shall hate you, and when they shall separate you firom 
their company, and shaU reproach you, and cast out your nams as evil, for the Son sC 
nian*8 sake." — Luks tL. 



prevent the earth from getting to his body, and then about a foot of 
earth was shovelled in upon him as quickly as possible. His father 
stamped it inftmediately down solid, and called out in a loud voice, ' Sa 
tiko, sa tiko" (You are stopping there, you are stopping there), meaning 
' Good bye, good bye.' The son answered with a very audible grunt 
and then about two feet more earth was shovelled in, and stamped 
upon as before by the father, and * Sa tiko ' called out again^ which 
was answered by another g^'unt, but much &inter. 

1070. The grave was then completely filled up, when, for curiosity 
sake, I myself said, ' Sa tiko,' but no answer was given, although I 
fancied, or really did see the earth crack a little on the top of the 
grave. The father and mother then turned back to back on the 
middle of the grave, and, having dropped some kind of leaves from 
their hands, walked away in opposite directions towards a running 
stream of water hard by, where they and all the rest washed themselves, 
and made me wash myself, and 1 hen we retired to the town, where 
there was a feast prepared. 

1071. " As soon as the feast was over (it being then dark), began the 
dance and uproar which are always carried on either at natural or 
violent deaths. All classes then give themselves up to excess, especially 
at unnatural deaths of this sort, and create all manner of uproar, by 
means of large bamboos, trumpet-shells, &c., which will contribute 
to the general noise. This uproar is considered requisite to drive the 
spirit away, and deter him from desiring to dwell in or hover about his 
late residence. The uproar is always held in the late habitation of the 
deceased, the reason being that, as no one knows for a certainty what 
reception he will receive in the invisible world, if it is not according to 
his expectations he will most likely repent of his bargain, and wish to 
come back : for this reason, they make a g^eat noise to frighten him 
away, and dismantle his former habitation of everything" that is 
attractive, and clothe it with everything that to their ideas seems 
repulsive."* 

* Jackson's Narrative of Two Years* Residence in the Fe^eean Islands. 



PHYSICAL GEOGRAPHY, AND GEOLOGY. 345 



"If thy brother shall trespass against thee, go and tell hhn his fault between thee 
and hUn alone : if he shall hear thee» thou hast gained thy brother."— MATXiinr xviii. 



THE EARLY BRITISH TRIBES. 

1072. WJiat were the Celtic Nations f 

They may be regarded as amongst the very early 
migrators that left the high lands of Central Asia, and 
moved in tribes not only towards the west, but penetrated 
to the extremity of India. 

. 1073. The southern tribes, having in their most early 
communion with Indo-Arab neighbours, acquired the lore 
of Western Asia, proceeded by sea, carrying the traditions and 
philosophy of the East to the coasts of Great Britain, destined, 
to be first set up as indigenous ; later, to accept numerous 
grafts from the same quarter, brought by private traders ; 
and, finally, to prepare the West to accept the tidings of the 
Gospel without the resolute opposition which Greek and 
Roman civilization so long opposed to Christianity. 

1074. The Celtic race is still distinctly marked in 
Cornwall and Wales by a more spare make, black curly 
hair, very dark eyes, and brown complexion, frequently set 
off with bright red lips. It is a spirited race, gifted with the 
highest imaginative power, serious, thoughtful, religious, 
obstinate, attached to its own nationalities, and, though in 
many cases proved to have been a sea-faring people, 
nowhere really fond of a sea life.* 

1075. Their chief divisions, as they appeared in the 
progress of history, were the Celts of Gaul, comprising the 

* Lieatenant Smith*s " Natural History of the Hnman Species.*' 
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" Verily I say unto 70a, That raany propbets and righteooa men have detired to 
Me these things which ye see, and have not seen them ; and to hear those thhiga which 
ye bear, and have not beard them.**— Matxhbw ziiL 



proper Celtce, and the BdgcB ; British Celts, divided into 
the Cambrians and the Picts ; the Gaels, divided into 
Scotch GaelSy Irish GaelSy and Manxmen, or Gaelic Celts of 
the Isle of Mali. They constituted the ancient tribes of 
Ireland, Scotland, England, Gaul (north of the Lioire, suid 
west of the Rhine), Helvetia, and the Agri Decumates, the 
Cimbri, and Teutones. There still exist two strongly- 
marked types : — The Silurian, eyes and hair black ; com- 
plexion dark, with a ruddy tinge ; chiefly found in South 
Wales. The Hibernian, eyes grey ; hair yellowish red, or 
sandy; complexion light. The probable movement of 
population was to Ireland from the nearest jJart of 
Scotland, to Scotland from England, to England from the 
parts about Calais and Dunkirk.* 

1076. At the time of the invasion of Britain by Julius Ccuar^ 
the country was divided into settlements occupied by different tribes, 
of which those on the southern coast, opposite Gaul, were the most 
advanced towards civilization, on acconnt of theur intercourse with 
the people of Gaul. The conquests of Caesar, however, penetrated the 
interior of the country only to a very limited extent. It was not tmUl 
the governorship of Agricola, some 140 years after the invasion by 
Caesar, that the whole of the tribes occupying the interior, and a portion 
of the north of the island, were subdued. Even then the Caledonians 
the Picts, and Scots, continued their hostility, not only to the Roman 
authority, but to the British people on their borders. In the interval 
between the invasion by Caesar and the further conquest of Britain by 
Agricola, now tribes were frequently discovered which were before 
unknown, and battles were constantly waged to bring these new tribes 
into subjection. 

1077. A very great portion of die island was then covered with woods 
fens, and marshes ; the assemblages of rude houses, which constititted 
the towns, were invariably centered in forests, trees being felled to clear 
the ground for a settlement, the trunks thereof being used as baniars 
against the incursions of enemies, and further strengthened by ditdies 
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** The stoiic in the heaven knoweth her appointed times; and the tartle and the 
crane and the surallow observe tlie time of their coming ; but m/ people know not the 
Judgment of the Lord." — jEHESiixa viii. 



dug around them. The approaches to those towns were little more 
than trackways through the forests. . Some of the woods were of 
immense extent, and covered the present areas of entire counties. 
Ceesar could make no impression upon the native tribes until he had 
felled trees and made road- ways, by which he might pursue the Britons 
into their strongholds. 

1078. Bogs and marshes also presented great obstades to the progress 
of the Romans into the interior. Severus, who held his court at York, 
resolved to enter Caledonia and subdue the northern barbarians. The 
county of Durham and the country lying to the north were still an 
impassable wilderness ; every league that the Roman army advanced 
gave them an incalculable amount of labour in cutting down forests, 
draining morasses, constructing roads, and bridging rivers. It is 
stated that in this expedition Seyerus lost 50,000 men, though he 
fought no battle, nor saw any largpe body of enemies.* 

1079. What were the Caledonians? 

Anciently, the name of Caledonia comprised all Scotland,, 
and after a time merely 
that portion of the land 

north of Antoninus's wall, ^^ ^^ P^. 1^- 

or the estuaries of the 
Forth and Clyde ; but, as 
the native South Britons 
advanced before the con- 
quering Komans, the Cale- 
donians, or people of Cale- 
donia, migrated further 
north and west, pressing to 
the extreme limits of the 
land, flooding the Western 
Isles, and from thence 
emigrating into Ireland. calbdokians. 

1080. The country the Caledonians possessed they called 

• Fbilp'i ** Hiitoxy of Frogresi in Great Britain." 
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** ThoQ bast made of a citj aa beap; of a defleneed dLtf a rain: a palaoe of 
strancen to be no dty; it aball nerer be built."— Ibaiah zxt. 



Caeldoch, or a district of the Grael, from \irhich, bj the 
transposition of a letter and the softening of the pronun- 
ciation, we obtain the word Caledonia. This part of tlie 
island was so little known to the Romans, and so little did 
thej care, after the battle of the Grampians, to extend 
their knowledge, that thej called all the parts north of 
the furthest wall Britannia barbara, or barbarous Britain. 

1081. The clothing of the ancient Britons consisted most commoniy 
of a loose mantle or plaid. This was a piece of cloth, of square finrm, 
Kufficiently large to cover the body, both behind and before. It ma 
fastened upon the breast, or on one shoulder, by a clasp ; or, for want 
of that, with a bone or sharp-pointed piece of wood. Ae this garment 
succeeded the mantles made of skins of some of the larger animab, 
which had formerly been worn, it was made to imitate thoee skins in 
Hhape. But these garments, when they were at first introduced, were 
only used by persons of rank and wealth, and by them only in the 
winter season, when they went abroad. 

1082. JVJiat were the Brigantes? 

They were a powerful British tribe Who peopled the 
districts oiow comprising Lancashire, Yorkshire, Cumber- 
land, and Durham ; and probably derived their name from 
their piratical or brigand-like character. They committed 
such outrages upon their neighbours that Antoninus Pius 
took away the greater part of their territory* 

1083. The Parisi held a settlement adjoining to the 
Brigantes, and are supposed to have been a division of 
the tribe. They occupied the south-eastern angle of 
Yorkshire. 

1084. Northumberland was occupied by the Ottadam^ a 
people depending upon, or confederated with, the Brigantes, 
in the same manner as the Parisi. Their name was 
probably derived from the situation occupied by them ; it 
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«• Tnwt ye in the Lord for ever ; for in the Lord Jehovah is everlasting strenpfth : 
for He bringeth down them that dwell on high ; the lofty city. He layeth it low, even 
to the ground ; He bringeth it even to the dost.**— Isaiah xxvi. 



means heyondy or alove^ and was intended to indicate their 
situation above the Tyne. 

1085. The system of warfare of the Britons was as follows : — ^They 
rode about all parts of the battle casting their darts, and oftentimes, 
with the terrible noise of their horses, and the rattling of their chariot- 
wheels, they amazed the enemy and broke his ranks; driving in among 
their enemies in heavy waggons, they would spring out, and fight on 
foot. In the meanwhile, . the 
waggoners withdrew themselves 
from the battle, and set them- 
selves in such order that, should 
the battle be lost, the defeated 
Britons might have easy access 
to them, and thus escape. The 
women appear to have borne 
arms with the men, and many 
of that aex became renowned 
for g^eat courage. But, besides 
the use of arms, the British 
women had another employ- 
ment in the field. When 
Paulinus Suetonius attacked the 
Druids in the isle of Mona, 
the British army stood on the ^^^ 
shore, thick of men and mu- 
iiition, and women running up 
and down among them, like 

Furies, caiTying burning fire-brands, in strange attire, and with 
their hair hanging about their shoulders. The strangeness of the 
sight so amazed the Romans that they stood still, till Paulinus 
appealed to them not to be daunted by an army of women and 
wizards. 

1086. What were the Ficts? 

It is scarcely possible to separate the Ficts from tho 
Scots and Caledonians, They occupied the northern bor- 
ders of Scotland, and were a people peculiarly ferocious. 
Some historians derive these people from the ancient 
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<'Tbe fiUhera thaU ett Hm son in the midit of thee, axid the bobs ahaU est tiieir 
ftthen ; and I will execute Jndcmenti in thee, and the whole zcnnumt of thee I wffl 

scatter into all the winds."— Exjbkikl t. 



Grermansy others from the Pictones of Gaol, while Bede 
says tliat ** the Picts came, as they report, from Scjthia^ 
in a few long ships to Ireland," and, after in vain soliciting 
a settlement among the people whom they found there, 
at their advice came over to Britain, and established them- 
selves. Their name is otherwise said to have been de- 
rived from the hahit of painting their bodies, which they 
adhered to after most of the other families of Britain had 
abandoned that custom. 

1087. TJie history of the Britons, for a period of aeariy ^ye hundred 
years after the first Roman invasion, is little more than a continaoiis 
story of bloodshed and misery. Invaded from the south hy a powerfnl 
and disciplined foe; overwhelmed on the north by barberic tribes, 
bursting in from a barren country, like hungry wolyea^ to feed npon 
their prey ; themselTes occupying eyery interral of time and oiq[>ortn- 
nity with intestoM strife and sanguinary strugglei, which wasted their 
own strength^ — m> wonder that " grieyous famine increased ; that they 
abandoned their towns and fortifications, and took to flight from a 
ratUess enemy, by whom they were rent in pieces like Uunbs in the 
kaads of bloody butchers, or in the jaws of savage beasts ; no wonder 
tiiat the poor distressed people forebore not to rob each other of the 
little sasteaance they possessed, and so increased their hostfle oppres- 
sions by domestic vexations, until, sinking under despair, they petitioned 
the Emperor Honoriiis for protection, saying, — '' The barbarians beat 
us back to the sea; the sea again drives us back upon the barbarians: 
thus, between two kinds of death, we are either slaughtered or 
drowned*" ♦ 

1088. What were the Iceni? 

The Iceni were the tribes who occupied the present 
areas of Suffolk, Norfolk, Cambridge, and Huntingdon* 
About the year 61 a revolt was commenced by this 
tribe, which nearly proved destructive to the Roman 
supremacy. It was in this revolt that the British Qaeen 
Boadicea displayed extraordinary valour. 
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" Behold, the days come, saith the Lord, that the plowman shall overtake the 
reaper, and the treader of graasea him that aoweth the seed ; and the monntahu shall 
drop sweet wine, and all the hllla litell melt.**— Aaias ix. 



1089. What were the Cantiif 

They were a powerful tribe that occupied the present 
area of Kent. It was within the settlement of this people 
that CcBsar effected a landing upon two occasions, and with 
the Gantii his first battles must have been mainlj fought. 

1090. The Cantii had four chieiis, or kings, named respectively 
Cyngetorex, Carvilius, Taximagulus, and Senogax. There is little 
doubt that before the invasion by the Romans the whole space of 
country from Deptford to Lambeth was a swampy marsh, a great 
part of which was constantly overflowed by the tide, and quite unin- 
habitable. This marsh, with the channel of the Thames at its extremity, 
might be looked upon by the Cantii and the Trinobantes as a barrier 
between them. The Romans drained as much of the land as suited 
their purpose, erected a station, and made roads to it; but, on their 
further conquests, they removed to the north side of the river, where 
London now stands, after which, neither of the above tribes claiming 
the drained district, it became part of the country of the Regni. 

1091. What were the Trinobantes? 

They were a numerous and powerful tribe occupying 
the area of Middlesex and Essex. The Trinobantes were 
the first people who submitted to the Romans, which they did 
on account of the oppressions of Cassibelanus and the 
Catieuchlani. They were, however, long regarded with 
hatred by the contemporary Britons for having been the 
first to surrender. At a later period the Trinobantes, 
Catieuchlanii, and Dobunii (tribes that occupied Buckingham- 
shire, Bedfordshire, Huntingdonshire, and Oxfordshire), 
were united under the government of Cunobeline, a 
grandson of the British King Lud. 

1092. When we contemplate the vast city of London^ with its two 
million and a half of inhabitants, and think of the wonders of social, 
political, and scientific triumphs that emanated therefrom, it becomes 
curious to reflect that this, the greatest and richest city in the world, 
was founded by the Britons, in all probability many years before the 
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the thing! which God hath prepared for them that kfn Um.*'— I. Cokoixie. ii. 



Romans set foot upon our soil; and that it must have been in their time 
a mere town, or series of stragg^Iing houses, scattered 9l<mg the south 
bank of the Thames. Camden, speaking of the origin of the name of 
London, sa^rs, ** For myself, as Csesar and Strabo expressly say that 
the Britons give the names of cities or towns to woods and groves 
fortified by trees which they had cut down, and I am infimned that 
groves in the British language are called Zhwn, I am aluiost inclined 
to think that London had its name firom thence, as the city in the 
grove." 

1093. What were the Belgcef 
They were a race of people who originallj ** were the 

most remote of old Gaul, as well in point of civilization, 
as in locality."* A very early account of Somersetshire 
describes it as " a vast wilderness covered with brambles 
and briers, with thick woods extending every way, and 
with high mountains and amazing valleys.** To the north 
of Salisbury Plain, in Wiltshire, lies Stonehenge, one of 
the most interesting relics of Druidical antiquity. Many 
conjectures respecting the massive stones of Stonehenge have 
been indulged in. There remains, however, no doubt that 
it formed one of the chief temples of Druidical worship, 
and was probably the seat of their great assize. Skulls 
of cattle sacrificed by the Druids have been dug up in 
the immediate neighbourhood. 

1094. Stonehenge was in all probability founded four or 
five hundred years prior to the landing of Julius Csesar. It 

I is believed to have been devoted to the worship of the moon. 

"'• * There was a stone temple at Abury, which was the seat of 

the arch-Druid of the Belgce, There is also a similar temple 
in Somersetshire. Around Stonehenge are barrows, or 
burial-places of the Britons, which rise like waves upon the " 
green plain, so numerous that " one may count fifly at one 

I, * Camden. 
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" He hath appointed a day, in wliich he will Jadge the world in righteonsneu by 
that man whom he hath ordained ; whereof he hath given assurance anto all men, in 
th«l He hath raised Iiim from the dead."— Acts xvii. 



time, in the evening, when the sloping rays of the sun shine, 
on the ground heyond them." 

1095. The Druids were the priests or ministers of religion, lawgivers, 
and teachers among the ancient Gaul^ Britons, and Germans, and 
were the most distinguished order among these primitive people. The 
Druids affected a knowledge of astrology, geometry, natural philosophy, 
politics, and all that was known in their early age of geography. They 
were the interpreters of religion to the people, and the judges of all 
affairs, civil and political, and their decree regarded with such esteem^ 
that whoever had the impiety to question their judgment, or dispute 
their verdict, was declared impious and excommunicated. 

1096. They believed in the immortality of the soul, and the doctrine 
of transmigration of souls ; and there seems to be little doubt that 
they were closely allied in their belief to the Greek philosoi)hers and the 
Persian Magi. They were 
divided into three orders, the 
Bards, Yates, and Druids 
proper; or the poets, the 
priests, and the naturalists, or 
teachers and lawgivers. They 
wore long white garments and 
a white surplice while offici- 
ating, carried a wand in their 
hands, and wore a kind of 
ornament round the neck, 
enchased in gold, called the 
" Druid*3 egg ; " their fingers 
and arms were covered with 
bracelets, and they wore chap- 
lets of oak-leaves upon their 
heads. Their hair was cut 
close, but the beard was allowed to fall full, long, and majestic. Each 
nation had a chief or arch-Druid, who was invested with supreme 
pontifical and civil authority. 

1097. The Druids had the sole education of the people; and such 
was the jealousy of their dogmas being properly known, that all 
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** And u we hare borne the image of the eartkj, we shall alio Iwar the iimge of 
the bearenlf. Now this I say, brethren, that flesh nd blood easmot inlMtit tte 
kingdom of heaven ; neither doth eormptioa inhertt ineorroplion^*' * 



their aanaU, laws, creedi, tnd tnuUtioBS were thrown Into mytHe 
Terse, and committed to memory, not being allowed to be written* 

1098. Their chief drug and sovereign remedy was liie mistletoe^ 
which was sought for with great solemnity, and, wben fimnd, bafled 
withjgreat homage. Next in importance as a medicine wm« the aaTine, 
mallow, and Terrain, each being gathered' witii magic tpeUa, religions 
rites, and at certain phases of the moon. like tiie Greek omdevnd 
the Roman angur, the Dmid gave his opinion in an omenlar naamer, 
forming that opinion from the flight of birds, or any nnMsnnl appev- 
anot in the earth or heaven. 

1009. The ordinary punishment inflicted by tbera was that of 
excommunication, which was carried out with such rigour that It was 
pollution for any one to touch or speak to the interdicted culprit. The 
Draids worshipped a Supreme Being under the name of Heans, and 
their sacred symbol was an oak. Their chief residence in Britain was 
in the Isle of " Mona," or Anglesea, and it was in this island that tiie 
Romans, under Suetonius Paulinus, finding it impossible to subdne the 
Britens as long as the priesthood existed and encouraged them to 
rcTclt and heroism, attacked them with an oTerwhelming force, and, 
though he eaooaintered a desperate resistance from both men and 
women, Ifaully sucoeeded. 

1100. What were ike Eegntf 

Thej were tribei that occupied the areas of Surrey and 
Suflsex. The «pot at present known as Holwood Hill, 
in Snnef, is said to liaTe been the seat of the capital of the 
tribe. Tlie '^ DmTs Dike,^ near Brighton, was a Britiah 
eaidnvtsk, prdbdUhf constructed as a retreat for the dis- 
li'iMHedl BritoacL 

1101. What were the Silures? 

They were tribes who occupied those parts which Aa 
Welsh called Dehenbarth, or the south part, now diyided 
into the counties of Hereford, Monmouth, Glamorgan, 
Brecknock, and Kadnor. Their king was Caractacus. 
The Silures were a tribe distindiy marked from the eUier 
Britisir people, supposed to have been originally B^bemians. 
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** Behold, I show you s mystery ; we shall not all sleep, but we shall all be 
changed, in s moment, in the twinkling of an eye, at the last trump : for the trumpet 
shall sound, and the dead shall be raised incorruptible, and we shall be changed."— 
9. Cob. xt. « 




SILURIAN BKITON. 



Their complexions were ruddy, and their hair dark and 

curled ; they were warlike, 
impatient of slavery, of great 
intrepidity, and exhibited a 
stubbornness uninfluenced 
alike by clemency or severity. 
1102. When the Romans invaded 
I their territory, the ^lurians with- 
[ stood so harassing a war, and in* 
' fiicted such heavy losses upon their 
invaders, that Ostorius, the Roman 
general, died worn out with grief 
and difficulties ; and Veranius, who 
subsequently attacked the Sllures, 
did so in vain. Caractacus was, how- 
ever, defeated and made captive. 
"Being severely pressed, he retired into the dominions of the Ordoxneeg, 
-whose territory included a portion of Shropshire, and his last great 
battle was fought upon a hill, now called Caer-Caradoc, twelve miles 
from Ludlow. Caractacns fortified the hill with a rampart of stones, 
tmd held it obstinately against the Romans until the latter effected 
breaches in the rude rampart, remains of which may still be seen, and 
-drove the Silures in disorder to the mountains. Caractacus fled for pro- 
tection to the territory of the Brigantes ; but the Silures were not 
reduced until the time of Vespasian, when Julius Frontinus conquered 
'them, and placed garrisons of the legionary troops among them. 

1103. There were other tribes in various parts of Britain, such as the 
Danmonii, in ]the districts of Devon and Cornwall; the DurotriffC, ^ 
in Dorsetshire; the AttrehatH^ in Berkshire; the Catieuchlani, in 
Buckinghamshire, Bedfordshire, and Himtingdonshire ; the Doburi, in 

-^jlloucestershire ; the DimetiB, in Pembrokesliire, Carmarthenshire, and 
Cardiganshire, &c. &c. Cidm Boflcawen, in Cornwall, was the seat of 
the chief Druid of the Dannumil : the stones and Druidical altars re- 
main to this day. In Madem parish there was a holed stone used by 
the Druids for the purpose of drawing diildren through, for the cure 
«of diseases. 

1104. According to Lieut. Smith, the movements of the Caueaeian 



356 THE BEASOX WHT, ETC. 



** And now. brethren, I commend 70a to God, and to the word of ffis fcrace, which 
is able to baild 70a up, and to gire rou an inheritance among all them which are 
sanctlfled.'*— Acts xx. 



tribes, their probable migrmtion down the Onu, and passage of the 
Oural Monntains, and thence, by Russia, Poland, the Baltic, Scandi- 
navia, and Denmark, into Friesland and Belgium, are chiefly confirmed 
by the so-called Celtic mode of erecting monuments, altars, and tombs, 
with huge stones, on the surface of the earth, or hidden in calms and 
barrows. The early Celts must have been seamen on more than 
one occasion, having traversed great portions of the South Seas, and left 
the evidence of their toils on the coasts of China, as well as America. 
That these massive structures are not the chancework of unallied nations- 
is plain from the fact that, among nearly one hundred and fifty crom- 
lechs, logging stones, masses of unhewn rock, cleared away to constitute 
them into colossal idols, circles of stones, single stones, mysterious caves 
for worship or initiation. Sec, wo find that they are placed more or less in 
certain territorial regions, where they form groups or lines, leading firom 
one to another. Thus, in particular, those bearing the character of crom- 
lechs pass down the west side of the Indus to the sea ; then divide 
eastward, following the coast to the Coimbatoor,. and further on to- 
China and the islands of the Pacific ; while the other line forms two 
branches, one of which follows the mountain chain to the Caspian,, 
the otiier by the Holmund, through the desert of Iran, to Persepolis, 
and up the Tigris, till it meets the first on the highlands of Armenia,, 
where tliey become directly referable to Cyclopean and other Celto- 
Finnic tribes), and pass from both coasts of Asia Minor along the two* 
shores of the Mediterranean, up the west coast of Spain, and by the 
Alps and Covcnnes down the Loire to the sea, where both unite again, 
and then, skirting the ocean towards the north, cross over intQ 
Britain. 




GLOSSARY. 



AcoTYLBDON, a plant bearing seeds without lobes. 

AcRiPOLiuM, a plant with prickly leaves. 

AcROOEN^ a plant growing only at the top. 

Agglomerate, to gather as into a ball. 

Alg^, sea weeds, cellular aquatic plants. 

Alluyium, matter transported by running water. 

Ammonites, an extinct and numerous genus of the order of 

Molluscs, allied to the modem Cephalopoda, which inhabited 

curved and chambered shells. 
Amorphous, irregular in figure or in shape. 
Amorphozoa, the least organized animals; sponges, &c. 
Amygdaloid, one of the forms of trap-rocks, in which agates and 

simple minerals appear to be scattered like almonds in a cake. 
Analogue, a body that resembles another body, of which it is 

accordingly the analogue. 
Anhydrous, containing no water. 
Antediluvian, before the flood. 
Antenna, horns or feelers with which the heads of insects are 

furnished. 
Anthracite, coal consisting almost wholly of carbon. 
Archipelago, a collection of islands. 
Arenaceous, strata composed of grains like sand. 
Argillaceous, consisting partly of clay. 
Articulated, having joints. 
Atolls, coral islands of circular form, consisting of a ring of 

coral suiTOunding a central lagoon. 
Atom, an elementary constituent of matter incapable of division. 
Auriferous, producing gold. 
Azoic, the lowest strata, devoid of traces of life. 

Basalt, a rock of igneous origin, in which prismatic structure is 

very general, prisms sometimes jointed. 
Basin, a hollow trough on the earth's surface, formed by the older 

rocks; sometimes used synonymously with "formations" to express 
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the deposits lying in a certain cavity or depreaalon of the lower 

rocks; the bed from which water g^athers into a lake or river. 
BZMANOUS, famished with two hands. 
Bitumen, mineral pitch. 
Boulders, a term applied to large rounded blocks of stone lying 

on the surface or embedded in loose' soil, and which have been; 

transported from a distance. 
Brackish, moderately salt 
Branchia, the gills of fishes. 
Breccia, mineral fragments joined. 

Cainozoic, the upper division of strata holding recent fonns of 
animal life. 

Calcareous Rock, limestone, calcareous spar, crystallised carbo- 
nate of lime. 

Caloric, the principle of heat. 

Candescence, whiteness from great heat. 

Carbonaceous, relating to carbon, charcoal, or coal. 

Carboniperous, yielding coal. 

Carnivorous, feeding on flesh. 

Cellulose, vegetable tissue of cells. 

Cetaceous, of the whale kind. 

Chalk, a soft white limestone. 

Chert, a flinty stone found in many limestones. 

Chloride of Sodium, rock salt. 

Chlorite, a mineral often formed in thin plates like micEy and 
of a greenish hue. 

Cleavage, a fissile structure, not coincident with original lamina- 
tion; an example of metamorphism* 

Coleoptera, an order of insects which have four [wings, the upper 
pair being hard, and forming a shield; beetles. 

Concrete, to unite in one mass. 

CoNPLUENT, flowing or uniting together. 

Conformable, strata which are parallel to one another in Tarioii» 
positions. 

Congeners, species which belong to the same genus. 

Conglomerate, collected into a ball or mass. 

Coniferous, bearing fruit Like the cones of the pine. 

CoRALLACEOUS, resembling coral. 

Crustaceous, shelly, or crusty. 

Crtptogamic, a name applied to a class of plants, such as tons, 
mosses, seaweed, and fungi, in which the organs of repvodoetioa 
are concealed. 
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Crystal, a mineral having regular geometrical forma. 
Crystalline, not purely crystal, but like. 
CupiPEROUSj yielding copper. 

Debacle, a breaking out or over, a deluge. 

Deciduous, shedding the leaves in autumn. 

Denudation, the process by which flowing water uncovers rocks» 

Desiccate, to deprive of moisture. 

Detritus, a mass formed by the wearing away of rocks. 

Dike, a mass of igneous rock often found traversing other rocks^ 

and sometimes projecting from them, so as to resemble a wall. 
Diluvium, a deposit caused by a flow of water, or a deluge. 
Dip, when a strata does not lie horizontally, but is inclined, it is 

said to dip, and the angle it makes with the horizon is called. 

the angle of dip or inclination. 
DiPTERA, an order of insects comprising those which have only 

two wings. 
Dole RITE, an igneous rock, composed of felspar and angite. 
Dolomite, a crystallized rock containing carbonate of lime and. 

carbonate of magnesia. 
Dune, a hill of sand. 

Earth's Crust, such superficial parts of the earth as are acces*^ 

sible to man. 
Echini, sea urchins. 
Effluxion, a flowing out. 
Elytra, the wing-cases of beetles. 
Endogens, plants whose growth or increase takes place in the 

interior of the stem. 
Endosmose, absorption through membranes. 
Eocene, the lowest great division of the tertiary strata in which 

the dawn of recent life appears. 
Equilateral, having the sides equal. 
Erratic, wandering, moving. 

Escarpment, the abrupt fease of a ridge of high land. 
Estuaries, inlets of the land which are entered by rivers and 

the tides of the sea. 
Exfoliate, to come off in leaves or scales. 
ExoGENs, plants or trees whose increase in growth is on the outer 

surface of the trunk. 
Exotic, of or from a foreign land. 
"ExvYix, cast-off skins^ shells^ kc, of animals. 
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Fault, a fissare on one side of which the rocks have been dis- 
placed, with reference to the other side. 

Fauha, animals now or formerly natires of any area of land or 
sea. 

Fblspak, a group of minerals in crystallization, in which silica is 
combined with various bases. 

Felspar, a simple mineral which, next to quartz, constitutes the 
chief material of rocks. 

Fblspathic, belonging to felspar. 

Fbrruoinous, like or containing iron rust or oxide of iron. 

FiLiciFORM, resembling ferns. 

Floculent, like locks of wool. 

Formation, a gi-oup of rocks associated by position^ by succession 
of time, and by organic and mineral identities. 

Fossil, a petrified organic body. 

Gasteropods, a division of the Testacea, in which, as in the 
limpet, the foot is attached to the body. 

Gault, a provincial name for a series of beds of clay and marl, 
the geological position of which is between the Upper and Lower 
Greensand. 

Gneiss, a name applied to the oldest granitic strata. 

GRAMINE.1S, the order of plants to which grasses belong. 

Granite, grain-stone composed of distinct quartz, felspar, and 
mica; sometimes the mica fails, or is partially replaced by horn- 
blende; the rock then passes to syenite. 

Greenstone, an igneous rock composed of felspar and hornblende. 

Gregarious, living in flocks or herds. 

Grit, a provincial name for a soft sandstone. 

Gypsum, a mineral composed of lime and sulphuric acid, called 
also sulphate of lime. 

Hornblende, a simple mineral of a dark green or black colour, 
which enters largely into the composition of several Trap rocks, 

Hypogene, a term used as a substitute for "primary," to indicate 
formation or transformation from below, and applied to granite, 
gneiss, &c., including both plutonic and metamorphic rocks. 

Icthyology, the natural history of fishes. 

Igneous, fiery, produced by fire. 

Incandescent, having a more intense degree of heat than that 

which is known as red; a state of white heat. 
Indigenous, native to a country. 
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Infusoria, minute animal organisms. 
Insectivorous, living' on insects. 
Inspissate, to thicken by evaporation. 

Invertebrated Animals, those which are destitute of a back- 
bone. 
Irruption, a breaking or bursting in. 
Isothermal^ having the same mean temperature. 

Jurassic, the limestones belonging to the Oolitic group constitute 
the chief part of the mountains of Jura, between France and 
Switzerland, and hence geologists of the Continent have given the 
name to the group. 

Kaolin, China clay, from decomposed felspar. 
KiMMERiDGE Clay, a thick bed of clay, part of the Oolitic 
group, so called because found well developed at Kimmeridge. 

Lacustrine, produced by or pertaining to the waters of lakes. 

Lamelliferous, having very thin plates. 

Leucite, a characteristic mineral in certain lavas, unusually of a 
white colour. 

Lias, a provincial name for an argillaceous limestone, characterised 
by peculiar fossils, and forming a peculiar group of strata, inter- 
posed between the Oolite and New Red Sandstone. 

Ligneous, woody, or like wood. 

Lignite, wood converted into a kind of coal. 

Limestone, indurated carbonate of lime, often of organic origin. 

Littoral, belonging to the shore. 

Loam, clay and sand combined. 

Luciperous, giving or producing light. 

Magnesian Limestone, an extensive series of beds, the geologi- 
cal position of which is immediately above the Coral Measures, 
so called because the limestone contains Magnesia. 

Mammal, an animnl which suckles its young. 

Mammaliferous, containing remains of Mammals. 

Marl, the term is variously employed; in Norfolk soft chalk is 
called marl; in Worcestershire the red marl contains very little 
calcareous matter; properly an argillaceous stratum with much 
calcareous matter in it. 

Marsupialia, a division of Mammalia with external pouches in 
which the young are developed and nursed. 

Matrix, the place in which a mineral or shell is embedded in a 
rock. 
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Hbdus^, a genas of marine radiated animals without sheUa. 

M BiocBNE, the middle tertiaries, holding a lees proportioii of recent 

fosailiferoas species than the pleiocene. 
HsaoTTPB, a seditic mineral frequent in cavitiea of basalt and 

lava. 
Mesozoic, the great division of the strata holding the middle 

forms of life. 
Mica, a g^nns of minerals mostly remarkable for the thin brilliant 

elastic plates into which it is divisible. 
Mineral, inorganic matter. 
Miocene, a division of tertiary strata intervening between the 

Eocene and the Pliocene formations, so called because a minority 

of its fossil shells are referable to living species. 
MOLLUSCA, soft animals, a great division of the Invertebrata. 
Moraine, a Swiss term for the debris of rocks brought into valleys 

by glaciers. 
MuscHELKALE, a limestone of the Upper New Red Sandstone 

group, meaning shells and limestone. 

Neptunian, stratified deposits from water, In contradistinction to 

plutonic. 
Nodule, a mass collected around some central point or nacleus. 
Normal Groups, certain groups of rocks taken as a standard. 

Obsidian, a glassy volcanic product. 

Olivine, a mineral composed of silica, with magnesia and other 

bases, firequent in igneous rocks. 
Oolite, limestone formed of spherical or ellipsoidal masses like 

small eggs, collected around portions of organic matter. 
Organisms (fossils), remains of animals or plants. 
OXTOBN, one of the constituent parts of the atmosphere which 

enters also largely into the composition of water and solid 

substances. 

Pachyderm AT A, an order of thick-skinned animals^ inclading> the 

elephant, rhinocerous, mastodon, &c., whose remains are perfectly 

found in tertiary strata. 
Paleontology, zoology and botany applied to the ancient ferm of 

Hfe. 
Paljbozoic, the lowest of three grand divisions of strata, ineluding 

the most ancient forms of life. 
Pbomatilb, binary g^ranite containing only quartz and felspar. 
JPelaoian, found in the deep sea, distinct from littond and 
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Peroxide, the fall degree of oxidation* ■ 

Plastic Clay, one of the bed« of the Eocene Tertiary period, so 

called because it is capable of being moulded into pottery. 
Pliocene, the upper tertiariei, eomtainiag tiie lirger proportion of 

plants and animals. 
Plutonic Rocks, igneous products of the internal earth. 
Porphyry, an igneous rock with detached crystals, mostly of felspar 
Precipitates, deposits occasioned by chemical decomposition, 

matter separated from solution. 
Primary or Primitive Rocks were meant to include the eariiest 

of all, but the term is now seldom used. 
Protoxide, the first degree of oxidation. 
pROTozoic, the strata containing the earliest forms of life, the sup- 

X>osed first series of animals and plants. 
Pumice Stone, volcanic matter expanded into a spongy or frothy 

state. 
Pyrites, iron, copper, and other metals combined with sulphur, 

found usually in yellow shining crystals like brass, in both stratified 

and unstratified rocks. 

Quartz, crystallised silica, rock crystaL 

Rock Salt, muriate of soda, found in large solid masses chiefly 
in New Red Sandstone formation. 

Salts, combinations of acids and bases. 

Sandstone, any stone which is composed of sandy particles. 

Schist, fossil rocks; laminated rocks, but distinct from slate. 

ScoRiJB, volcanic cinders. 

Secondary, the second or middle great group of strata^ meso^oie 

strata. 
Sedimentary Rocks, those which have been formed by their 

materials having been thrown down from a state of suspension 

in water. 
Selenite, crystallized sulphate of lime. 
Serpentine, a beautiful rock composed of some magnesian mineral 

spotted like a serpent. 
Shale, laminated argillaceous strata. 
Shingle, loose pebbles washed by the sea. 
SiLEX, the name of one of the pure earths, flint. 
Silica, the most frequent constituent of minerals and rocks; • 

compound of silicium and oxygen. 
Silt, flue sediment from rivers. 
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SULTS, ft fiwle arsillftceoiis rods, whose lftinfnftH<m U not 6m 
depositioBy fts in shftle, but is the effxt of metminorplilsm caD 

STAULcriTBy eftifty matter lepirmd frooi solvtioii in watar, ai 

consolidated while descending, so as to be attached to the to 

abore.' 
STALAGirrrB, the same matter that forms stalactite, bat, haTii 

fallen, forms rising points or pillars. 
Stbata, rocks soccessiyelj deposited from water, the several beds 

layers ot thin rocks. 
Syenite, an igneoos crystallized rock composed of qnartz, fel^ 

and hornblende. 

Talc, a soft, flexible, magnesian mineral, otherwise resemblii 

mica. 
Talcs, loose detritus, accnmalated by falling from the fBtce of rod 

and precipices. 
Tertiabt, the third or upper grand diTision of strata, cainozoie. 
Testacba, ^lolluscdtfs animate having a shelly covering. 
Traxsitiox, the passage from •ne condition or group to anothei 
Trap. Any plutonic rock with the exception of granite, is afli 

described as of the trap series. 
Travertin, a «hite concretionary limestone composed of glaa 

felspar. 

Unconformable, strata laid on one another or against o] 
another, having differences in their dip. 

Verted RATED Animals, all those furnished with a backbone. 
Volcanic, implying the action of fire at or near the surface. 

Wacke, an earthy variety of plutonic rocks, bearing to basi 
nearly the same relation which volcanic bears to the more crysta 
lized and solid kinds of volcanic rocks. 

Warp, the deposit of muddy waters. 

ZooPHTTES, corals, sponges, and other aquatic animals of allii 
forms. 
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